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PREFACE 

The complete documentation package for the MC68360 consists of the MC68360UM/AD, 
MC68360 QUad Integrated Communications Controller User's Manual, M68000PM/AD, 
MC68000 Family Programmer's Reference Manual, and the MC68360/D, MC683G0 QUad 
Integrated Communications Controller Product Brief. 

The MC68360 QUad Integrated Communications Controller User's Manual describes the 
programming, capabilities, registers, and operation of the MC68360 and the MC68EN360; 
the MC68000 Family Programmer's Reference Manual provides instruction details for the 
MC68360; and the MC68360 QUad Integrated Communications Controller Product Brief 
provides a brief description of the l\/IC68360 capabilities. 

This user's manual is organized as follows: 

Section 1 Introduction 

Section 2 Signal Descriptions 

Section 3 Memory Map 

Section 4 Bus Operation 

Section 5 CPU32+ 

Section 6 System Integration Module (SIM60) 

Section 7 Communication Processor Module (CPM) 

Section 8 IEEE 11 49.1 Test Access Port 

Section 9 Applications 

Section 10 Electrical Characteristics 

Section 1 1 Ordering Information and Mechanical Data 

Appendix A Serial Performance 

Appendix B Development Tools and Support 

Appendix C RISC Microcode from RAM 
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SECTION 1 
INTRODUCTION 

The MC68360 QUad Integrated Communication Controller (QUICC™) Is a versatile one- 
chip integrated microprocessor and peripheral combination that can be used in a variety of 
controller applications. It particularly excels in communications activities. The QUICC 
(pronounced "quick") can be described as a next-generation MC68302 with higher 
performance in all areas of device operation, increased flexibility, major extensions in 
capability, and higher integration. The term "quad" comes from the fact that there are four 
serial communications controllers (SCCs) on the device; however, there are actually 
seven serial channels: four SCCs, two serial management controllers (SMCs), and one 
serial peripheral interface (SPI). 

The purpose of this document is to describe the operation of all QUICC functionality. 
Although this document has an overview of the CPU32+, the M68000PM/AD M68000 
Family Programmer's Reference Manual should be used in addition to this document. 
The CPU32RM/AD, M68300 Family CPU32 Reference Manual, also provides information 
on the CPU32. 

1 .1 QUICC KEY FEATURES 

The following list summarizes the key MC68360 QUICC features: 

• CPU32+ Processor (4.5 MIPS at 25 MHz) 

— 32-Bit Version of the CPU32 Core (Fully Compatible with the CPU32) 

— Background Debug Mode 

— Byte-Misaligned Addressing 

• Up to 32-Bit Data Bus (Dynamic Bus Sizing for 8 and 1 6 Bits) 

• Up to 32 Address Lines (At Least 28 Always Available) 

• Complete Static Design (0-25-MHz Operation) 

• Slave Mode To Disable CPU32+ (Allows Use with External Processors) 

— Multiple QUICCs Can Share One System Bus (One Master) 

— MC68040 Companion Mode Allows QUICC To Be an MC68040 Companion 
Chip and Intelligent Peripheral (22 MIPS at 25 MHz) 

— Also Supports External MC68030-Type Bus Masters 

— All QUICC Features Usable in Slave Mode 

• Memory Controller (Eight Banks) 
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— Contains Complete Dynamic Random-Access l\/lemory (DRAM) Controller 

— Each Banl< Can Be a Chip Select or Support a DRAM Bank 

— Up to 15 Wait States 

— Glueless Interface to DRAM Single In-Line Memory Modules (SIMMs), Static 
Random-Access Memory (SRAM), Electrically Programmable Read-Only Memory 
(EPROM), Flash EPROM, etc. 



— Four CAS lines. Four WE lines. One OE line 

— Boot Chip Select Available at Reset (Options for 8-, 16-, or 32-Bit Memory) 

— Special Features for MC68040 Including Burst Mode Support 

• Four General-Purpose Timers 

— Superset of MC68302 Timers 

— - Four 16-Bit Timers or Two 32-Bit Timers 

— Gate Mode Can Enable/Disable Counting 

• Two Independent DMAs (I DMAs) 

— Single Address Mode for Fastest Transfers 

— Buffer Chaining and Auto Buffer Modes 

— Automatically Performs Efficient Packing 

— 32-Bit Internal and External Transfers 

• System Integration Module (SIM60) 

— Bus Monitor 

— Double Bus Fault Monitor 

— Spurious Interrupt Monitor 

— Software Watchdog 

— Periodic Interrupt Timer 

— Low Power Stop Mode 

— Clock Synthesizer 

— Breakpoint Logic Provides On-Chip Hardware Breakpoints 

— External Masters May Use On-Chip Features Such As Chip Selects 

— On-Chip Bus Arbitration with No Overhead for Internal Masters 

— IEEE 1 149.1 Test Access Port 

• Interrupts 

— Seven External IRQ Lines 

— 12 Port Pins with Interrupt Capability 

— 16 Internal Interrupt Sources 

— Programmable Priority Between SCCs 

— Programmable Highest Priority Request 
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Communications Processor Module (CPIVI) 

— RISC Controller 

— Many New Commands (e.g., Graceful Stop Transmit, Close RxBD) 

— 224 Buffer Descriptors 

— Supports Continuous Mode Transmission and Reception on All Serial Channels 

— 2.5 Kbytes of Dual-Port RAM 

— 14 Serial DMA (SOMA) Channels 

— Three Parallel I/O Registers with Open-Drain Capability 

— Each Serial Channel Can Have Its Own Pins (NMSI Mode) 
Four Baud Rate Generators 

— Independent (Can Be Connected to Any SCC or SMC) 

— Allows Changes During Operation 

— Autobaud Support Option 
Four SCCs 

— Ethernet/IEEE 802.3 Optional on SCC1 (Full 10-Mbps Support) 

— HDLC/SDLC™ (Ail Four Channels Supported at 2 Mbps) 

— HDLC Bus (Implements an HDLC-Based Local Area Network (LAN)) 

— AppleTalk® 

— Signaling System #7 

— Universal Asynchronous Receiver Transmitter (UART) 

— Synchronous UART 

— Binary Synchronous Communication (BISYNC) 

— Totally Transparent (Bit Streams) 

— Totally Transparent (Frame Based with Optional Cyclic Redundancy Check 
(CRC)) 

— Profibus (RAM Microcode Option) 

— Asynchronous HDLC (RAM Microcode Option) 

— DDCMP™ (RAM Microcode Option) 

— V.I 4 (RAM Microcode Option) 

— X.21 (RAM Microcode Option) 



SDLC is a trademark of International Business Macliines, 
® AppleTalk is a registered trademark of Apple Computer, Inc. 
™ DDCMP is a trademark of Digital Equipment Corporation. 
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• TwoSMCs 

— UART 

— Transparent 

— General Circuit Interface (GCI) Controller 

— Can Be Connected to the Time-Division Multiplexed (TDM) Channels 

• OneSPI 

— Superset of the MC68302 SCP 

— Supports Master and Slave Modes 

— Supports Multimaster Operation on the Same Bus 

• Time-Slot Assignor 

• Supports Two TDM Channels 

— Each TDM Channel Can Be T1 , CEPT, PCM Highway, ISDN Basic Rate, 
ISDN Primary Rate, User Defined 

— 1- or 8-Bit Resolution 

— Allows Independent Transmit and Receive Routing, Frame Syncs, Clocking 

— Allows Dynamic Changes 

— Can Be internally Connected to Six Serial Channels (Four SCCs and 
Two SMCs) 

• Parallel Interface Port 

TM 

— Centronics Interface Support 

— Supports Fast Connection Between QUICCs 

• 240 Pins Defined: 241 -Lead Pin Grid Array (PGA) and 240-Lead Plastic Quad Flat 
Pack (PQFP) 

1.2 QUICC ARCHITECTURE OVERVIEW 

The QUICC is 32-bit controller that is an extension of other members of the Motorola 
M68300 family. Like other members of the M68300 family, the QUICC incorporates the 
intermodule bus (1MB). (The MC68302 is an exception, having an M68d00 bus on chip.) 
The 1MB provides a common interface for all modules of the M68300 family, which allows 
Motorola to develop new devices more quickly by using the library of existing modules. 
Although the 1MB definition always included an option for an on-chip 32-bit bus, the 
QUICC is the first device to implement this option. 

The QUICC is comprised of three modules: the CPU32+ core, the SIM60, and the CPM. 
Each module utilizes the 32-bit 1MB. The MC68360 QUICC block diagram is shown in 
Figure 1-1. 
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Figure 1-1. QUICC Block Diagram 



1.2.1 CPU32+Core 



The CPU32+ core is a CPU32 that has been modified to connect directly to the 32-bit IIVIB 
and apply the larger bus width. Although the original CPU32 core had a 32-bit internal 
data path and 32-bit arithmetic hardware, its interface to the 1MB was 16 bits. The 
CPU32+ core can operate on 32-bit external operands with one bus cycle. This allows the 
CPU32+ core to fetch a long-word instruction in one bus cycle and to fetch two word- 
length instructions in one bus cycle, filling the internal instruction queue more quickly. The 
CPU32+ core can also read and write 32-bits of data in one bus cycle. 

Although the CPU32+ instruction timings are improved, its instruction set is identical to 
that of the CPU32. It will also execute the entire M68000 instruction set. It contains the 
same background debug mode (BDM) features as the CPU32. No new compilers. 
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assemblers, or other software support tools need be implemented for the CPU32+; 
standard CPU32 tools can be used. 

The CPU32+ delivers approximately 4.5 MIPS at 25 MHz, based on the standard 
(accepted) assumption that a 10-MHz M68000 delivers 1 VAX MIPS. If an application 
requires more performance, the CPU32+ can be disabled, allowing the rest of the QUICC 
to operate as an intelligent peripheral to a faster processor. The QUICC provides a special 
mode called MC68040 companion mode to allow it to conveniently interface to members 
of the M68040 family. This two-chip solution provides a 22-MIPS performance at 25 MHz. 

The CPU32+ also offers automatic byte alignment features that are not offered on the 
CPU32. These features allow 16 or 32-bit data to be read or written at an odd address. 
The CPU32+ automatically performs the number of bus cycles required. 

1.2.2 System Integration Module (SIM60) 

The SIM60 integrates general-purpose features that would be useful in almost any 32-bit 
processor system. The term "SIM60" is derived from the QUICC part number, MC68360. 
The SIM60 is an enhanced version of the SIM40 that exists on the MC68340 and 
MC68330 devices. 

First, new features, such as a DRAM controller and breakpoint logic, have been added. 
Second, the SIM40 was modified to support a 32-bit 1MB as well as a 32-bit external 
system bus. Third, new configurations, such as slave mode and internal accesses by an 
external master, are supported. 

Although the QUICC is always a 32-bit device internally, it may be configured to operate 
with a 16-bit data bus. Regardless of the choice of the system bus size, dynamic bus 
sizing is supported. Bus sizing allows 8-, 16-, and 32-bit peripherals and memory to exist 
in the 32-bit system bus mode and 8- and 16-bit peripherals and memory to exist in the 
16-bit system bus mode. 

1.2.3 Communications Processor Module (CPM) 

The CPM contains features that allow the QUICC to excel in communications and control 
applications. These features may be divided into three sub-groups: 

• Communications Processor (CP) 

• Two I DMA Controllers 

• Four General-Purpose Timers 

The CP provides the communication features of the QUICC. Included are a RISC 
processor, four SCCs, two SMCs, one SPI, 2.5 Kbytes of dual-port RAM, an interrupt 
controller, a time slot assigner, three parallel ports, a parallel interface port, four 
independent baud rate generators, and fourteen serial DMA channels to support the 
SCCs, SMCs, and SPI. 

The IDMAs provide two channels of general-purpose DMA capability. They offer high- 
speed transfers, 32-bit data movement, buffer chaining, and independent request and 
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acknowledge logic. The RISC controller may access the IDMA registers directly in the 
buffer chaining modes. The QUICC IDMAs are similar to, yet enhancements of, the two 
DMA channels found on the MC68340 and the one IDMA channel found on the MC68302. 

The four general-purpose timers on the QUICC are functionally similar to the two general- 
purpose timers found on the MC68302. However, they offer some minor enhancements, 
such as the internal cascading of two timers to form a 32-bit timer. The QUICC also 
contains a periodic interval timer in the SIM60, bringing the total to five on-chip timers. 

1.3 UPGRADING DESIGNS FROM THE MC68302 

Since the QUICC Is a next-generation MC68302, many designers currently using the 
MC68302 may wish to use the QUICC in a follow-on design. The following paragraphs 
briefly discuss this endeavor in terms of architectural approach, hardware issues, and 
software issues. See Section 9 Applications for further information. 

1.3.1 Architectural Approach 

The QUICC is the logical extension of the MC68302, but the overall architecture and 
philosophy of the MC68302 design remains Intact in the QUICC. The QUICC keeps the 
best features of the MC68302, while making the changes required to provide for the 
increased flexibility, integration, and performance requested by customers. Because the 
CPM is probably the most difficult module to learn, anyone who has used the MC68302 
can easily become familiar with the QUICC since the CPM architectural approach remains 
intact. 

The most significant architectural change made on the QUICC was the translation of the 
design into the standard M68300 family 1MB architecture, resulting in a faster CPU and 
different system integration features. 

Although the features of the SIM60 do not exactly correspond to those of the MC68302 
SIM, they are very similar. The QUICC SIM60 combines the best MC68302 SIM features 
with the best MC68340 SIM features for improved performance. 

Because of the similarity of the QUICC SIM60 and CPU to other members of the M68300 
family, such as the MC68332 and the MC68340, previous users of these devices will be 
comfortable with these same features on the QUICC. 

1.3.2 Hardware Compatibility Issues 

The following list summarizes the hardware differences between the MC68302 and the 
QUICC: 

• Pinout— The pinout is not the same. The QUICC has 240 pins; the MC68302 has 132 
pins. 

• Package — Both devices offer PGA and PQFP packages. However, the QUICC 
PQFP package has a 20-mil pitch; whereas, the MC68302 PQFP package has a 
25-mil pitch. 
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• System Bus— The system bus signals now look like those of the MC68030 as 
opposed to those of the M68000. It is still possible to interface M68000 peripherals to 
the QUICC, utilizing the same techniques used to interface them to an MC68020 or 
MC68030. 

• System Bus in Slave Mode — A number of QUICC pins take on new functionality in 
slave mode to support an external MC68EC040. On the MC68302, the pin names 
generally remained the same in slave mode. 

• Peripheral Timing — ^The external timings of the peripherals (SCCs, timers, etc.) are 
very similar (if not identical) to corresponding peripherals on the MC68302. 

• Pin Assignments— The assignment of peripheral functions to I/O pins is different in 
several ways. First, the QUICC contains more general-purpose parallel I/O pins than 
the MC68302. However, the QUICC offers many more functions than even a 240-pin 
package would normally allow, resulting in more multifunctional pins than the 
MC68302. 

1.3.3 Software Compatibility Issues 

The following list summarizes the major software differences between the MC68302 and 
the QUICC: 

• Since the CPU32+ is a superset of the M68000 instruction set, all previously written 
code will run. However, if such code is accessing the MC68302 peripherals, it will 
require some modification. 

• The QUICC contains an 8-Kbyte block of memory as opposed to a 4-Kbyte block 
on the MC68302. The register addresses within that memory map are different. 

• The code used to initialize the system integration features of the MC68302 has 

to be modified to write the corresponding features on the QUICC SIM60. Code written 
for the MC68340 may be adapted in large part. 

• As much as possible, QUICC CPM features were made identical to those of the 
MC68302 CP. The most important benefit is that the code flow (if not the code itself) 
will port easily from the MC68302 to the QUICC. The nuances learned from the 
MC68302 will still be useful in the QUICC. 

• Although the registers used to initialize the QUICC CPM are new (for example, the 
SCM on the MC68302 is replaced with the GSMR and PSMR on the QUICC), most 
registers retain their original purpose such as the SCC event, SCC mask, SCC status, 
and command registers. The parameter RAM of the SCCs is very similar, and most 
parameter RAM register names and usage are retained. More importantly, the basic 
structure of a buffer descriptor (BD) on the QUICC is identical to that of the MC68302, 
except for a few new bit functions that were added. (In a few cases, a bit in a BD 
status word had to be shifted.) 

• When porting code from the MC68302 CP to the QUICC CPM, the software writer 
may find that the QUICC has new options to simplify what used to be a more code- 
intensive process. For specific examples, see the INIT TX AND RX PARAMETERS, 
GRACEFUL STOP TRANSMIT, and CLOSE BD commands. 



1-8 MC68360 USER'S MANUAL MOTOROLA 



1.4 QUICC GLUELESS SYSTEM DESIGN 

A fundamental design goal of the QUICC was ease of Interface to other system 
components. An example of this goal Is a minimal QUICC design using EPROM and 
DRAM, shown In Figure 1-2. This system interfaces gluelessly to an EPROM and a DRAM 
SIMM module. It also offers parity support for the DRAM. 
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Figure 1-2. Minimum QUiCC System Configuration 



Figure 1-3 shows a larger system configuration. This system offers one EPROM, one flash 
EPROM, and supports two DRAM SIMMs. Depending on the capacitance on the system 
bus, external buffers may be required. From a logic standpoint, however, a glueless 
system is maintained. 
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Figure 1-3. Larger QUICC System Configuration 



1 .5 QUICC SERIAL CONFIGURATIONS 

The QUICC offers an extremely flexible set of communications capabilities. Although a full 
understanding of the possibilities requires reading the appropriate sections, some of the 
possibilities are shown in the following diagrams. They show possible connections 
between QUICC devices. In addition, connections are often shown between QUICCs and 
the MC68302 to show the compatibility between these devices. 

For readability, transceivers are usually omitted in the following diagrams. For local on- 
board communications, however, transceivers are often optional and depend on the 
protocol used. 
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Figure 1 -4 shows the Ethernet LAN capability of the QUICC. An external SIA transceiver 
is required to complete the interface to the media. This functionality is implemented in the 
MC68160 enhanced Ethernet serial transceiver (EEST™). The MC68160 EEST supports 
connections to the attachment unit interface (AUI) or twisted-pair Ethernet formats and 
provides a glueless interface to the QUICC. 
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Figure 1-4. Ethernet LAN Capability 
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Figure 1-5 shows the AppleTalk LAN capability of the QUICC. Note that the l\/IC68302 
requires an extra device, the MC68195 LocalTall< adapter, to interface to AppleTall<. 
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NOTE: The QUICC implements the AppleTalk LAN 
protocol without the need for the MC681 95. 



Figure 1-5. AppleTalk LAN Capability 



Figure 1 -6 shows the implementation of a LAN structure of HDLC called HDLC bus. This 
protocol is the fastest, easiest way to interface multiple QUICCs in an HDLC-based 
protocol. 
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Figure 1-6. HDLC Bus LAN 
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Figure 1-7 shows the original SDLC application, which can be implemented by both 
QUICCs and MC68302S. 
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Figure 1-7. SDLC Bus Implementation 



Figure 1-8 shows a UART l_AN configuration that is supported by both the QUICC and the 
MC68302, as well as many other industry UARTs. 
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Figure 1-8. UART LAN Implementation 
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Figure 1-9 shows how the SPIs on the QUICC can be used to connect devices together 
into a local bus. The SPI exists on many other Motorola devices, such as the MC68HC1 1 
microcontroller, and a number of peripherals such as A/D and D/A converters, LED 
drivers, LCD drivers, real-time clocks, serial EEPROM, PLL frequency synthesizers, and 
shift registers. 
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Figure 1-9. SPI Local Bus Implementation 



Figure 1-10 shows how the SCP on the MC68302 can be used to interface to the QUICC 
SPI. 
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NOTE: The MC68302 SCP can communicate with the QUICC SPI. 



Figure 1-10. SPI Implementation Using SCP 
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Figure 1-11 shows how the SPI on the QUICC can Interface to another QUICC or SPI- 
based peripherals. 
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NOTE: Two QUICCs configured for a master-slave SPI connection. 

Figure 1-11. SPI Master-Slave Implementation 

Figure 1-12 shows how the parallel Interface port (PIP) can be used to Implement the 
Centronics interface connection. The QUICC may be the peripheral or the host. 
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NOTE: The QUICC can communicate over a Centronics Interface. 

Figure 1-12. Centronics Interface Implementation 

Figure 1-13 shows how the PIP can also be used to implement a fast parallel connection 
between devices. 
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Figure 1-13. Fast Parallel Connection Implementation 



MOTOROLA 



MC68360 USER'S MANUAL 



1-15 




Figure 1-14 shows which SCC protocols may be used to connect SCCs on the QUICC 
and the l\/IC68302. 
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Figure 1-14. SCC Protocol Implementation 

Figure 1-15 shows which SCC protocols may be used to connect SCCs on multiple 
QUICCs or to other devices supporting such protocols. 
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Figure 1-15. l\/lultiple QUICC Point-to-Point Implementation 

Figure 1-16 shows other point-to-point options that are possible with the QUICC and the 
MC68302. 



QUICC 

SMC 




MC68302 
SCC 


UART 
TRANSPARENT 






QUICC 

SMC 


MC68302 
SCP 


TRANSPARENT 






QUICC 

SMC 


QUICC 
SMC 


UART 
TRANSPARENT 



Figure 1-16. Other Point-to-Point Implementations 



1-16 



MC68360 USER'S MANUAL 



MOTOROLA 



Figure 1-17 shows how up to six of the serial channels can connect to a TDM interface. 
The QUICC provides a built-in time-slot assignor for access to the TDM time slots. Other 
channels can work with their own set of pins, allowing possibilities like an Ethernet to T1 
bridge, etc. 
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Figure 1-17. Serial Channei to TDI\1 Bus Impiementation 

Figure 1-18 shows that the QUICC time-slot assignor can support two TDM buses. Each 
TDM bus can be of a different format — ^for example, one TDM can be a T1 line, and one 
can be a CEPT line. Also this technique could be used to bridge frames from basic rate 
ISDN to a T1/CEPT line, etc. 







QUIC 


;c 






sec 
sec 
see 
sec 

SMC 
SMC 








TIME 

SLOT 

ASSIGNER 














ON OF sees 

MAYBE 
ANY TDM. 




A 


III 


3INAT 
SMCs 
TEDT 





NOTE: Two TDM buses may be simultaneously supported 
witli the time slot assigner. 

Figure 1-18. Duai TDI\/I Bus Impiementation 
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1.6 QUICC SERIAL CONFIGURATION EXAMPLES 

Figure 1-19 shows a situation where multiple QUICCs can communicate over a TDM line. 
This can be used, for instance, to Implement an 8-channel line card. The SCCs implement 
the line interfaces, and the SMCs provide the local on-board communication between the 
QUICCs. The additional SMC on each QUICC can be used as a serial debug port. The 
SPI can be used to interface to peripherals, such as a serial EEPROM. 
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Figure 1-19. Multiple QUICC TDI\/I Bus Implementation 
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Figure 1 -20 shows a general-purpose application that includes Ethernet, AppleTalk, an 
HDLC connection to a T1 line, an HDLC connection to frame relay, a UART debug 
monitor port, a totally transparent data stream port, and an SPI connection to a serial 
EEPROM. 
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Figure 1-20. General-Purpose Application 
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1.7 QUICC SYSTEM BUS CONFIGURATIONS 

Figure 1-21 shows a master-slave QUICC configuration. This system gives eight SCCs, 
four SMCs, two SPIs, four IDMAs, etc. Each QUICC uses Its own DMA capability, but the 
CPU32+ Is the only processor in the system. More QUICCs can be easily supported on 
the system bus, If desired. 
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Figure 1-21. Master-Slave QUICC Implementation 

The QUICC has special features in slave mode to support the M68040 family. When the 
QUICC is used in this way, it is said to be in MC68040 companion mode. Figure 1-22 
shows how a QUICC in slave mode can interface to a MC68EC040. (The MC68EC040 is 
a low-cost version of the MC68040 with identical integer performance, but without the 
memory management unit (MMU) and the floating-point unit (FPU).) The DRAM controller 
on the QUICC will control the accesses of the MC68EC040 (including the burst modes). 
This configuration does require external address mutipiexers, but the QUICC controls the 
multiplexers. The QUICC supports the MC68EC040 in other ways, such as interrupt 
handling and system protection features. VVhen it is in slave mode, the QUICC can also be 
interfaced to any MC68030-type bus master instead of the MC68EC040. 
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Figure 1-22. MC68040 Companion Mo6e 
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SECTION 2 

SIGNAL DESCRIPTIONS 

This section contains brief descriptions of tlie QUICC input and output signais in tlieir 
functional groups as shown in Figure 2-1 . 

2.1 SYSTEM BUS SIGNAL INDEX 

The QUICC system bus signals consist of two groups. The first group, listed In Table 2-1 , 
consists of system bus signals that exist when the QUICC is In the nomnal mode (CPU32+ 
enabled). The second group consists of system bus signals that exist when the QUICC is 
in the slave mode (CPU32+ disabled). They are listed in Table 2-7 and may also be 
identified in Figure 2-1 as those with an italic font. In Table 2-1, the signal name, 
mnemonic, and a brief functional description are presented. For more detail on each 
signal, refer to the paragraphs that discuss each signal. 

2.1.1 Address Bus 

The address bus consists of the following two groups. Refer to Section 4 Bus Operation 
for information on the address bus and its relationship to bus operation. 

2.1.1.1 ADDRESS BUS (A27-A0). This three-state bidirectional bus (along with A31- 
A28) provides the address for the current bus cycle, except in the CPU address space. 
Refer to Section 4 Bus Operation for more information on the CPU address space. A27 
is the most significant address signal in this group. 
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L1CLK0A/SMRXD2/PB11 

L1ST1/RTS1/PB12 

L1ST2/RTS2/ PB13 

L1STa /L1RQB/RTS3 /PB14 

L1ST4/L1RQA/RTS4/PB15 

STRBO/BRG03/PB16 

STRBI/RSTRT1/PB17 



PORT C (INTERRUPT PARALLEL I/O) 



L1ST1/ RTS1 / EXro /PCO 

L1ST2 /RTS2/EXT1 /PC1 

L1STa/L 1RQB / RTS3 /PC2 

L1ST4/L1RQA/RTS4/PC3 



CTS1/PC4 -<- 



TGATE1/CD1/PC5 

CT S2/PC6 

TGATE2/CD2/PC7 



SDACK2/ L1TSYNCB/C TS3/PC8 

L1RSYNCB/CD3 /PC9 

SDACK1A.1TSYNCA/CTS4/PC10 



L1RSYNCA/CD4/PC11 -*- 



ADDRESS BUS 
^=1^ A27nA0 

^ N FC2-f CXV7iM2-7*» 



C 



QUICC 
MC68360 
240 PINS 



*'FCHTTO 

DATA B US 

^> D31-016 



BUS CONTROL 

•►SiZO 

>- SIZ1 



015-00 

PRTY1 -PRTYQ//Oil7T- /0(y72 

PPmjIOUTOIRQOUT 

PRTY3/16BM 



* »► DSACK0 /7B/ 

< ► DSACKI/TA 

« *► R/W 

< ^ AS 

< »► DS/7Tr 

► OE/AMUX 

BUS ARBITRATION 

« »► RMC/CONRGO/LOC/C 

< *' BR 

« *^BG 



BGACK/eS 

BaR0/CX)NRG1/RAS2DD 



SYSTEM CONTROL 



« >> RESETH 

« *- RESETS 

< »-HALT 

« *► BERR/TEA 

^-PERR 

INTERRUPT CONTROL 



■^ \mWOUT0/RQOUT 

-*► iRQ4//ggr> 

-»> IRQ6//Ot/7 2 

ZH IRQ2,3.5.7 

-*► AVEC/IACK5/>*VEC0 



MEMORY CONTROLLER 

>CS6-CS0 /RAS6- RASO 
CS/RAS7/IACK7 



.TEST 



i^cse 

♦►CS/F____ 

:^ CAS3<>VS0/1ACK1 ,2,3,6 



TRIS/rS 



-*- BKPT/SWPrOroSCLK. 



CLOCK 



FREEZE/C0NFlG2/A>faA fle 

IPIPEI /RASIDD/BCLfl/ 

IPiPEO/fl AODaCSO 

IFETCH/flMOOaDSI 

TCK 

TMS 

TDI 

TOO 

TRST 

■XTAL 
EXTAL 
XFC 

MODCK1-MODCK0 
CLK02-CLK01 
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Table 2-1. System Bus Signal Index (Normal Operation) 



Group 


Signal Name 


Mnemonic 


Function 


Address 


Address Bus 


/V27-A0 


Lower 27 bits of address bus. (I/O) 


Address Bus/Byte 
Write Enables 


A31-A28/ 
WE3-WE0 


Upper four bits of address bus (I/O), or byte write enable 
signals (O) for accesses to extemal memory or 
peripherals. 


Function Codes 


FC3-FC0 


Identifies the processor state and the address space of 
the current bus cycle. (I/O) 


Data 


Data Bus 31-16 


D31-D16 


Upper 16-bit data bus used to transfer byte or word data. 
Used in 16-bit bus mode (I/O). 


Data Bus 15-0 


D15-D0 


Lower 16-bit data bus used to transfer 3-byte or long- 
word data (I/O). Not used in 16-bit bus mode. 


Parity 


Parity 2-0 


PRTY2-PRTY0 


Parity signals for byte writes/reads from/to extemal 
memory module (I/O). 


Parity3/16BM 


PRTY3/16BM 


Parity signals for byte writes/reads from/to extemal 
memory module or defines 16-bit bus mode. (I/O) 


Parity Error 


PERR 


Indicates a parity error during a read cycle. (O) 


Memory 
Controller 


Chip Select/Row 
Address Select 7/ 

Interrupt 
Acknowledge 7 




Enables peripherals or DRAMs at programmed 
addresses (0) or internipt level 7 acknowledge line (0). 


CS/RAS7/IACK7 


Chip Select 6-0/ 

Row Address 

Select 6-0 


CS6-CS0/ 
RAS6-RAS0 


Enables peripherals or DRAMs at programmed 
addresses. (0) 


Column Address 
Select 3- 
0/lnterrupt 

Acknowledge 1,2, 
3.6 




DRAM column address select or interrupt level 
acknowledge lines. (0) 


CAS3-CAS0/ 
IACK1 .2,3,6 


Bus Arbitration 


Bus Request 


BR 


Indicates that an extemal device requires bus mastership. 
(1) 


Bus Grant 


BS 


Indicates that the current bus cycle Is complete and the 
QUICC has relinquished the bus. (0) 


Bus Grant 
Acknowledge 




Indicates that an extemal device has assumed bus 
mastership. (1) 


BGACK 


Read-Modify-Write 

Cycle/Initial 

Configuration 


RMC/CONFIGO 


Identifies the bus cycle as part of an indivisible read- 
modify-write operation (I/O) or initial QUICC configuration 
select (1). 


Bus Clear Out/ 
Initial Configuration 
1/Row Address 
Select 2 Double- 
Drive 




Indicates that an internal device requires the extemal bus 
(O) or initial QUICC configuration select (1) or row 
address select 2 double-drive output (0). 


BCilRlJ/CONFIGI/ 


RAS2DD 
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Table 2-1. System Bus Signal Index (Normal Operation) (Continued) 



Group 


Signal Name 


Mnemonic 


Function 


Bus Control 


Data and Size 
Acknowledge 




Provides asynchronous data transfer acknowledgement 
and dynamic bus sizing (open-drain I/O but driven high 
before three-stated). 


DSACK1-DSACK0 


Address Strobe 


A5 


Indicates that a valid address is on the address bus. (I/O) 


Data Strobe 


DS 


During a read cycle, D^ indicates that an external device 
should place valid data on the data bus. During a write 
cycle, DS indicates that valid data is on the data bus. 
(I/O) 


Size 


SIZ1-SIZ0 


Indicates the number of bytes remaining to be transferred 
for this cycle. (I/O) 


Read/Write 


RAV 


Indicates the direction of data transfer on the bus. (I/O) 


Output Enable/ 
Address Multiplex 


Ce/amux 


Active during a read cycle indicates that an external 
device should place valid data on the data bus (0) or 
provides a strobe for external address multiplexing in 
DRAM accesses if internal multiplexing is not used (O). 


Intermpt 
Control 


Interrupt Request 
Level 7-1 




Provides external intermpt requests to the CPU32-t- at 
priority levels 7-1. (I) 


IRQ7-IRQ1 


Autovector/lnterrupt 
Acknowledge 5 




Autovector request during an interrupt acknowledge cycle 
(open-drain I/O) or interrupt level 5 acknowledge line (0). 


AVEC/IACK5 


System 
Control 


Soft Reset 




Soft system reset, (open-drain I/O) 


RESETS 


Hard Reset 




Hard system reset, (open-drain I/O) 


RESETH 


Halt 


HALT 


Suspends external bus activity, (open-drain I/O) 


Bus Error 


BERR 


indicates an erroneous bus operation is being attempted, 
(open-drain I/O) 


Clock and Test 


System Clock Out 1 


CLK01 


Internal system clock output 1 . (O) 


System Clock Out 2 


CLK02 


Internal system clock output 2— normally 2x CLK01 . (0) 


Crystal Oscillator 


EXTAL, 
XTAL 


Connections for an external crystal to the internal 
oscillator circuit. EXTAL (1), XTAL (0). 


External Filter 
Capacitor 


XFC 


Connection pin for an external capacitor to filter the circuit 
ofthePLL(l). 


Clock Mode Select 
1-0 


M0DCK1- 

modcko 


Selects the source of the internal system clock. (1) 


Instruction Fetch/ 

Development 

Serial Input 




Indicates when the CPU32+ is performing an instruction 
word prefetch (0) or input to the CPU32+ background 
debug mode (1). 


IFETCH/DSI 


Instruction Pipe 0/ 
Development 
Serial Output 




Used to track movement of words through the instruction 
pipeline (0) or output from the CPU32+ background 
debug mode (0). 


ipipeo/dso 


Instruction Pipe 
1/Row Address 
Select 1 Double- 
Drive 




Used to track movement of words through the instruction 
pipeline (0), or a row address select 1 "double-drive" 
output (0). 


IPiPEI/RASIDD 
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Table 2-1. System Bus Signal Index (Normal Operation) (Concluded) 



Group 


Signal Name 


Mnemonic 


Function 


Clock and Test 
(Cont'd) 


Breakpoint/ 
Development 
Serial Clock 


ekPT/DSCLK 


Signals a hardware breakpoint to the QUICC (open-drain 
I/O), or clock signal for CPU32+ background debug mode 
(1). 


Freeze/Initial 
Configuration 2 


FREEZE/ 
C0NFIG2 


indicates that the CPU32-f has acknowledged a 
breakpoint (0), or Initial QUICC configuration select (1). 


Three-State 


TRIS 


Used to three-state all pins if QUICC is configured as a 
master. Sampled during system reset. (!) 


Test Clock 


TCK 


Provides a clock for IEEE 1 149.1 JTAG test logic. (1) 


Test Mode Select 


TMS 


Controls test mode operations. (1) 


Test Data In 


TDI 


Serial test instructions and test data signal. (1) 


Test Data Out 


TDO 


Serial test instructions and test data signal. (0) 


Test Reset 


TRST 


Provides an asynchronous reset to the test controller. (1) 


Power 


Clock Synthesizer 
Power 


VCCSYN 


Power supply to the PLL of the clock synthesizer. 


Clock Synthesizer 
Ground 


GNDSYN 


Ground supply to the PLL of the clock synthesizer. 


Clock Out Power 


VCCCLK 


Power supply to clock out pins. 


Clock Out Ground 


GNDCLK 


Ground supply to clock out pins. 


Special Ground 1 


GNDS1 


Special ground for fast AC timing on certain system bus 
signals. 


Special Ground 2 


GNDS2 


Special ground for fast AC timing on certain system bus 
signals. 


System Power 
Supply and Return 


VCC, GND 


Power supply and return to the QUICC. 


— 


No Connect 


NC4-NC1 


Four no-connect pins. 




NOTE: I denotes input, denotes output, and I/O is input/output. 

2.1.1.2 ADDRESS BUS (A31-A28). These pins can be programmed as tiie most 
significant four address bits or as four byte write enables. 

A31-A28— Tiiese pins can function as tfie most significant 4 address bits. A31 Is the most 
significant address signal in this group. 

WE3-WE0— On a write cycle, these active-low signals indicates which byte of the 32-bit 
data bus contains valid data. 



WEO— Corresponds to A31 and selects data bits 31-24. Also may be referred to as 
UUWE. 



WEI — Corresponds to A30 and selects data bits 23-16. Also may be referred to as 
UMWE. 



WE2— Corresponds to A29 and selects data bits 15-8. Also may be referred to as 
LMWE. 



WE3— Corresponds to A28 and selects data bits 7-0. Also may be referred to as LLWE. 
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2.1.2 Function Codes (FCa>FCO) 

These three-state bidirectional signals identify the processor state and the address space 
of the current bus cycle as noted in Table 2-2. The function code pins provide the purpose 
of each bus cycle to external logic. 

Other bus masters besides the QUICC may also output function codes during their bus 
cycles. On the QUICC, this capability is provided for each potential internal bus master 
(i.e., the IDIVIA, SOMA, and DRAM refresh units). Provision is also made for the decoding 
of function codes that are output from external bus masters (e.g., in the memory controller 
chip-select generation logic). 

In computer design, function code information can be used to protect certain portions of 
the address map from unauthorized access or to extend the addressable range beyond 
the address limit. However, in controller applications, function codes are most often used 
as a debugging aid. Furthermore, in most controller applications, the QUICC stays 
continuously in the supervisor state. 

Refer to Section 4 Bus Operation for more information. 



Table 2-2. Address Space Encoding 


Function Code Bits 


Address Space 


3 


2 


1 

















Reserved (Motorola) 











1 


User Data Space 








1 





User Program Space 








1 


1 


Reserved (User) 





1 








Reserved (Motorola) 





1 





1 


Supervisor Data Space 





1 


1 





Supervisor Program Space 





1 


1 


1 


Supervisor CPU Space 


1 


X 


X 


X 


DMA Space 



2.1.3 Data Bus 

The data bus consists of the following two groups. Refer to Section 4 Bus Operation for 
infomiation on the data bus and its relationship to bus operation. 

2.1.3.1 DATA BUS (D31-D16). These three-state bidirectional signals (along with D15- 
DO) provide the general-purpose data path between the QUICC and all other devices. 
Although the data path is a maximum of 32 bits wide, it can be dynamically sized to 
support 8-, 16-, or 32-bit transfers. D31 is the l\^SB of the data bus. Byte and word 
operations occur on D31-D16. Additionally, if the QUICC is configured into 16-bit bus 
mode, the D31-D16 pins are the only data pins used. Refer to Section 4 Bus Operation 
for information on the data bus and its relationship to bus operation. 
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2.1.3.2 DATA BUS (D15-D0). These pins can function as 16 additional data pins used in 
long-word and 3-byte transfers. They are three-stated and not used if the QUICC is 
configured into 16-bit bus mode. 

2.1.4 Parity 

These three-state bidirectional signals provide parity generation/checking for the data path 
between the QUICC or external masters and other devices. There are four parity lines — 
one for every eight data bits. The parity lines consists of two groups. Refer to Section 6 
System Integration Module (SIM60) for more Infomnation on parity generation/checking. 

2.1.4.1 PARITY (PRTYO). This pin is the parity value for data bits 31-24. 

2.1.4.2 PARITY (PRTY1). This pin is the parity value for data bits 23-16. 

2.1.4.3 PARITY (PRTY2). This pin is the parity value for data bits 15-8. 

2.1.4. 4 PARITY (PRTY3). This pin has two functions. During total system reset, it is the 
16BM pin to determine whether 16-bit data bus mode is to be enabled. After system reset, 
it functions as the parity line 3. 

PRTY3—This pin is the parity value for data bits 0-7. 




16BM— This pin selects the 16-bit data bus mode. To choose a 32-bit data bus during total 
system reset, this pin can be left floating (it has an internal pullup resistor) or can be 
driven/pulled high. To choose a 16-bit data bus during total system reset, this pin should 
be driven/pulled low. 

2.1.5 IVIemory Controller 

The following signals are used to control an external memory device. 

2.1.5.1 CHIP SELECT/ROW ADDRESS SELECT (^§6-CSO/RAS6-RASo). The chip- 
select output signals enable peripherals or memory arrays at programmed addresses. 
CSO is the global chip select for the boot ROM containing the user's reset vector and 
initialization program. Refer to Section 6 System Integration Module (SIM60) for more 
information on chip selects. 

NOTE 



In addition, RAS1 ca n be si multaneously output on th e RAS 1 DD 
pin to increase the RAS1 line dr ive capab ility, and RAS2 can 
be sim ultaneously output on the RAS2DD pin to increase the 
RAS2 line drive capability. 

2.1.5.2 CHIP SELECT/ROW ADDRESS SELE CT/INTERR UPT ACKNO WLEDG E (C§7/ 
RAS7/IACK7). This pin can be programmed as a CS7/RAS7 pin or as the IACK7 line. See 
Section 6 System Integration Module (SIM60) for more information on this selection. 



RAS7/CS7 — Row address select 7 or chip select 7 output signal. 
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IACK7— The QUICC asserts this pin to indicate a l evel 7 external interrupt during an 
Interrupt acknowledge cycle. Peripherals can use the lACKx strobes instead of monitoring 
the address bus and function codes to determine that an interrupt acknowledge cycle is in 
progress and to obtain the current interrupt level. lACKx lines need not be used when the 
vector is generated internally by the QUICC. See Section 4 Bus Operation for more 
infomiation. 

2.1.5.3 COLUMN ADDRESS SELECT/INTERRUPT ACKNOWLEDGE (CA§3-CaS0/ 
IACK6,3,2,1). These pins can be programmed as four column address selects for DRAMs 
or as interrupt acknowledge lines. 



CAS3-CAS0— The DRAM column address select output signal enables the DRAM 
column^: 

CASO selects data bits 31-24. 



CAS1 selects data bits 23-16. 



CAS2 selects data bits 15-8. 



CAS3 selects data bits 7-0. 



IACK1, IACK2, IACK3, IACK6— The QUICC asserts one of these pins to indicate the level 
of an e xternal interrupt during an interrupt acknowledge cycle. Peripherals can use the 
lACKx strobes instead of monitoring the address bus and function codes to detemiine that 
an inte rrupt acknowledge cycle is In progress and to obtain the current interrupt level. 
lACKx lines need not be used when the vector is generated internally by the QUICC. See 
Section 4 Bus Operation for more information. 

IACK1 corresponds to CASO. 



IACK2 corresponds to CAS1 . 



IACK3 corresponds to CAS2. 



IACK6 corresponds to CAS3. 

2.1.5.4 ADDRESS {MULTIPLEX (AIMUX). See 2.1.7.7 Output Enable/Address AAuitiplex 
(OE/Ai\/IUX) for more infomiation. 



2.1.6 Interrupt Request Level (IRQ7-iRQ1) 



These pins are p r ioritiz ed interrupt request lines. IRQ7, the highest priority, is 
nonmaskable; IRQ6-IRQ1 are intemally maskable interrupts. Refer to Section 5 CPU32+ 
for more information on the interrupt request lines. 

2.1.7 Bus Control Signals 

These signals control the bus transfer operations of the QUICC. Refer to Section 4 Bus 
Operation for more information on these signals. 
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2.1.7.1 DATA AND SIZE ACKNOWLEDGE (DSACK1-DSACK0). These two active-low 
bidirectional signals allow asynchronous data transfers and dynamic data bus sizing 
between the QUICC and external devices (see Table 2-3). 



Table 2-3. DSACKx Encoding 








Result 


DSACK1 


DSACKd 


1 (Negated) 


1 (Negated) 


Insert wait states in current bus cycle. 


1 (Negated) 


(Asserted) 


Complete cycle — data bus port size is 8 bits. 


(Asserted) 


1 (Negated) 


Complete cycle— data bus port size is 16 bits. 


(Asserted) 


(Asserted) 


Complete cycle— data bus port size is 32 bits. 



2.1.7.2 AUTOVECTOR/INTERRUPT ACKNOWLEDGE (AVEC/iACK5). This pin can be 
programmed to be an autovector input or the interrupt acknowledge 5 line output. 



AVEC — ^This signal requests an automatic vector during an interrupt acknowledge cycle. 
Refer to Section 6 Syste m Integration Module (SIM60) for more information on the 
autovector function. AVEC need not be used if the QUICC supplies the vector Intemally. 



IACK5— The QUICC asserts this pin to indicate the level of an e xtemal interrupt during an 
Interrupt acknowledge cycle at level 5. Peripherals can use the lACKx strobes Instead of 
monitoring the address bus and function codes to determine that an Interrupt acknowledge 
cycle is in progress and to obtain the current interrupt level. lACKx lines need not be used 
when the vector is generated Internally by the QUICC. 

2.1.7.3 ADDRESS STROBE (A§). This bidirectional signal is driven by the bus master to 
Indicate a valid address on the address bus. The function code, size, and read/write 
signals are also valid when AS is asserted. 

2.1.7.4 DATA STROBE (DS). During a read cycle, this input/output signal is driven by the 
bus master to indicate that an external device should place valid data on the data bus. 
During a write cycle, the data strobe indicates that valid data is on the data bus. 

2.1.7.5 TRANSFER SIZE (SIZ1, SIZO). These bidirectional signals are driven by the bus 
master to indicate the number of operand bytes remaining to be transferred in the current 
bus cycle (see Table 2-4). 

Table 2-4. SIZx Encoding 



SIZI 


SIZO 


Transfer Size 





1 


Byte 


1 





Word 


1 


1 


3 Bytes 








Long Word 
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2.1.7.6 READ/WRITE (R/W)l This active-high bidirectional signal Is driven by the bus 
master to indicate the direction of data transfer on the bus. A logic one indicates a read 
from a slave device; a logic zero indicates a write to a slave device. 

2.1.7.7 OUTPUT ENABLE/ADDRESS MULTIPLEX (QBMHUX). This pin can be 
programmed as the output enable (OE) output or as the address multiplex output. 

OE—During a read cycle, this output signal is driven by tjie^bus master to indicate that an 
extemal device should place valid data on the data bus. OE may used to save an external 
Inversion of the R/W signal. 

AMUX— This output signal is driven by the DRAI\4 controller to the external address 
multiplexer. AMUX need not be used if the DRAI\^ addresses are multiplexed intemally by 
the QUICC. 

2.1.7.8 BYTE WRITE ENABLE (WEa-WEo). See 2.1.1.2 Address Bus (A31-A28) for the 

description. 

2.1.8 Bus Arbitration Signals 

The following signals are the four bus arbitration control signals used to determine the bus 
master. Refer to Section 4 Bus Operation for more infomnation concerning these signals. 

2.1.8.1 BUS REQUEST (BR). This active-low input signal indicates that an external device 
needs to become the bus master. This input is typically wire-ORed. 

2.1.8.2 BUS GRANT (S€). Assertion of this active-low output signal indicates that the bus 
master has relinquished the bus. 



2.1.8.3 BUS GRANT ACKNOWLEDGE (BGACK). Assertion of this active-low input 
indicates that an external device has become the bus master. 



2.1.8.4 READ-MODIFY-WRITE CYCLeiNITIAL CONFIGURATION (RMU/CONFIGO). 

This pin can be programmed as the read-modify-write cycle output or as the initial 
configuration pin input signal during system reset. 



RMC— This output signal identifies the bus cycle as part of an indivisible read-modify-write 
operation; it remains asserted during all bus cycles of the read-modify-write operation to 
indicate that bus ownership cannot be transferred. 

CONFIGO— See 2.1.13 Initial Configuration Pins (CONFIG) for the description. 

2.1.8.5 BUS CL EAR O UT/INITIA L CONF IGURATION/ROW ADDRESS SELECT 
DOUBLE-DRIVE (BCLRO/CONFIG1/RAS2DD). This pin can be programmed as the bus 
cle ar out out put or as the initial configuration pin 1 input signal during system reset or as 
the RAS2DD output double-drive signal. 



BCLRO— This active-low open-drain output indicates that one of the QUICC intemal bus 
masters is requesting the external bus master to release the bus. 
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C0NFIG1— See 2.1.13 Initial Configuration Pins for the description. 

RAS2— See 2.1.5.1 Cliip Selects/Row Address Select (CS6-CSQ/IV^S6-RASo) for the 

description. 

2.1.9 System Control Signals 

The QUICC uses these signals to recover from an exception. Refer to Section 4 Bus 
Operation for more information on these signals. 

2.1.9.1 SOFT RESET (RESETS). This active-low, open-drain, bidirectional signal is used 
to initiate reset. An external reset signal (as well as a reset from the SIM60) resets the 
QUICC as well as all external devices. A reset signal from the CPU32+ (asserted as part 
of the RESET instruction) resets external devices only — ^the internal state of the CPU32+ 
is not affected; other on-chip modules are reset, but the configuration is not altered. When 
asserted by the QUICC, this signal is guaranteed to be asserted for a minimum of 512 
clock cycles. 




2.1.9.2 HARD RESET (RESETH). This active-low, open-drain, bidirectional signal is used 
to initiate reset. An external hard reset signal (as well as an hard reset from the SIM60) 
resets the QUICC as well as all external devices and the internal state of the CPU32+; 
other on-chip modules are reset as well as the QUICC configuration. When asserted by 
the QUICC, this signal is guaranteed to be asserted for a minimum of 512 clock cycles. 

During a hard reset, the address, data, and bus control pins are all three-stated. The BG 
pin output is the same as that on the BR input. The general-purpose I/O pins are all 
configured as Inputs. The NC4-NC1 pins are undefined outputs. The XTAL, CLK01 , and 
CLK02 pins are active outputs, except fo r CLK01 which does not oscillate while the on- 
chip PLL is attaining a lock. The RESETS pin is an output. Note that if this is not a power- 
on reset, the DRAIVI refresh controller remains active, and the address, data, and bus 
control pins may therefore become active. 



2.1.9.3 HALT (HALT). This active-low, open-drain, bidirectiona l signa l is asserted to 
suspend external bus activity, to request a retry when used with BERR, or to perform a 
single-step operation. As an output, HALT indicates a double bus fault by the CPU32+. 



2.1.9.4 BUS ERROR (BERR). This active-low, open-drain, bidirecti onal sig nal Indicates 
that an invalid bus operation is being attempted or, when used with HALT, that the bus 
master should retry the current cycle. 

2.1.10 Clock Signals 

These signals are used by the QUICC for controlling or generating the system clocks. 
Refer to Section 6 System Integration Module (Sli\/I60) for more information on these 
clock signals. 

2.1.10.1 SYSTEI\/I CLOCK OUTPUTS (CLK02-CLK01). These output signals reflect the 
general system clock and are used as the bus timing reference by external devices. 
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CLK01 is the general system clock. CLK02 is 2x CLK01 if the on-chip clocl< synthesizer 
PLL is used, and is 1 x CLK01 othenwise. 

2.1.10.2 CRYSTAL OSCILLATOR (EXTAL, XTAL). These two pins are the connections 
for an external crystal to the internal oscillator circuit. If an external oscillator Is used, it 
should be connected to EXTAL, with XTAL left open. 

2.1.10.3 EXTERNAL FILTER CAPACITOR (XFC). This pin is used to add an external 
capacitor to the filter circuit of the PLL. The capacitor should be connected between XFC 
and VCCSYN. 

2.1.10.4 CLOCK MODE SELECT (MODCK1-MODCK0). The state of these active-high 
input signals during reset selects the type of external clock that is used by the PLL in the 
clock synthesizer to generate the system clocks. Table 2-5 lists the default values of the 
PLL. These pins have internal pullups during hardware reset. 

Table 2-5. Default Operation Mode of the PLL 



MODCK 
1-0 


PLL 


Prescaled 
by 128 


Multl. Factor 
(MF + 1) 


EXTAL Freq. 
(examples) 


CLKIN to 
the PLL 


Initial Freq. 
(VCO/2) 


oqi 


Disabled 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


01 


Enabled 


No 


1 


>10 MHz 


=EXrAL 


=EXTAL 


10 


Enabled 


Yes 


401 


4.192 MHz 


32.75 kHz 


13.14 MHz 


11 


Enabled 


No 


401 


32.768 kHz 


32.768 kHz 


13.14 MHz 



"I This mode is reserved. 

2.1.11 Instrumentation and Emulation Signals 

These signals are used for test or software debugging. Refer to Section 5 CPU32+ for 
more information on these signals. 



2.1.11.1 INSTRUCTION FETCH/DEVELOPMENT SERIAL INPUT (IFETCH/DSI). This 
active-low output signal indicates when the CPU32+ is performing an instruction word 
prefetch and when the instruction pipeline has been flushed. Additionally, this signal is the 
serial input to the CPU32+ in its background debug mode to issue background 
commands, etc. 



2.1.11.2 INSTRUCTION PIPE/DEVELOPMENT SERIAL OUTPUT (IPIPEO/DSO). This 
active-low output signal is used to track movement of words through the instruction 
pipeline. Additionally, this signal is the serial output from the CPU32+ in its background 
debug mode to issue background status, etc. 

2.1.11.3 INST RUCTION PIPE/ROW ADDRESS SELECT DOUBLE-DRIVE 
(IPIPE1/RAS1DD). This active-low output signal is used to track movement of words 
through the instruction pipeline. This signal also functions as a second output of the RAS1 
signal to increase fanout capability. 
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2.1.11.4 BREAKPOINT/DEVELOPMENT SERIAL CLOCK (BKpT/DSCLK). This active- 
low input signal is used to signal a hardware breal<point to the CPU32+. Additionally, this 
signal is the serial clock used to transfer commands/status to and fronfi the CPU32+ 
during background debug mode. 

2.1.11.5 FREEZE/INITIAL CONFIGURATION (FREEZE/C0NFIG2). This pin can be 
programmed as the freeze output or as the initial configuration pin 2 input signal during 
system reset. 

FREEZE— Assertion of this active-high output signal indicates that the CPU32+ has 
acknowledged a breakpoint and has initiated background mode operation. 

C0NFIG2— See 2.1.13 Initial Configuration Pins (CONFIG) for the description. 

2.1.12 Test Signals 

The following signals are used with the on-board test logic defined by the IEEE 1149.1 
JTAG standard. See Section 8 IEEE 1149.1 Test Access Port for more information on 
the use of these signals. 

2.1.12.1 TRI-STATE SIGNAL (TRIS). This input is sampled during total system reset and, 
when asserted, three-states all the QUICC pins. This signal is only valid when the 
CPU32+ is enabled (nomiai operation). 




2.1.12.2 TEST RESET (TRST). This input provides asynchronous reset to the test logic. 

2.1.12.3 TEST CLOCK (TCK). This input provides a clock for on-board test logic defined 
by the IEEE 1149.1 standard. 

2.1.12.4 TEST MODE SELECT CTMS). This input controls test mode operations for on- 
board test logic defined by the IEEE 1 149.1 standard. 

2.1.12.5 TEST DATA IN (TDI). This input is used for serial test instructions and test data 
for on-board test logic defined by the IEEE 1 149.1 standard. 

2.1.12.6 TEST DATA OUT (TOO). This output is used for serial test instructions and test 
data for on-board test logic defined by the IEEE 1 149.1 standard. 

2.1.13 Initial Configuration Pins (CONFIG) 

The CONFIG2-CONFIG0 pins select the QUICC initial configuration during reset (see 
Table 2-6). They decide whether the CPU32+ core will be enabled or disabled, the global 
chip select port will be 8-, 16-, or 32-bits, and the MBAR address will be $003FF00 or 
$0033FF04. After reset, these pins may be programmed to their other function. The 
CONFIG2-CONFIG0 lines have internal pullup resistors so that if they are left floating, the 
default selection will be 111. See Section 6 System Integration l\Aodule (SIM60) for 
more information. 
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Table 2-6. Initial Configuration 




Configuration Pins 


Result 


C0NFIG2/ 
FREEZE 


C0NFIG1/ 
BCLRO 


CONFiGO/ 
RMC 











Slave mode; global CS 8-bit size; MBAR at $003FF0O. 








1 


Slave mode; global CS 32-bit size; MBAR at $003FFOO; not MC68040 
companion mode; BR output, WS input. 





1 





Slave mode; global CS 16-bit size; MBAR at $003FFOO. 





1 


1 


MC68040 companion mode; global CS 32-bit size; MBAR at $003FF00; 
BR input, B5 output. 


1 








CPU enabled; global CS 32-bit size; MBAR at $003FF00. 


1 





1 


CPU enabled; global CS 16-bit size; MBAR at $003FF00. 


1 


1 





Slave mode; global CS disabled; MBAR at $003FF04. 


1 


1 


1 


CPU enabled; global CS 8-bit size; MBAR at $003FF00. (Default) 



2.1.14 Power Signals 

The following signals are used for power and ground to the QUICC. 

2.1.14.1 VCCSYN AND GNDSYN. These pins provide power and ground to the cloclc 
synthesizer. They should be bypassed to each other with a 0.1 -jxF capacitor. See the 
system clock generation description in Section 6 System Integration Module (Sll\/I60) for 
more details. 

2.1.14.2 VCCCLK AND GNDCLK. These pins provide power and ground to the clock 
output pins (CLK01 and CLK02). They should be bypassed to each other with a 0.1-^lF 
capacitor. See the system clock generation description in Section 6 System Integration 
Module (SIM60) for more detail. 

2.1.14.3 GNDS1 AND GNDS2. These two pins are special ground pins that, if used 
properly, all ow more ag gres sive tim ing to be provided on certain system bus pins. These 
pins include AS, CASx, and IPIPE. Section 10 Electrical Characteristics already shows 
the aggressive timing; the user does not need to modify any values In the section. GNDS1 
and GNDS2 should be connected to a quiet ground source or to a low-noise ground plane. 

2.1.14.4 VCC AND GND. These pins are the rest of the power and ground connections for 
the QUICC. 

2.1.14.5 NC4-NC1. These four pins should not be connected on the QUICC package. 
They are reserved for future enhancements. 

2.2 SYSTEM BUS SIGNAL INDEX IN SLAVE MODE 

The CONFIG2-CONFIG0 pins are used to cause the QUICC to enter the slave mode. The 
signal name, mnemonic, and a brief functional description are presented in Table 2-7. The 
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rest of the QUICC pins maintain tiieir functionality in slave mode. See Section 4 Bus 
Operation for details. 

Additionally, the QUICC provides special support for the MC68EC040 bus (or other 
MC68040 family members) during slave mode. The MC68EC040 signals are marked in 
boldface in the table. For more information on MC68EC040 bus operation, see 
M68040UM/AD, M68040 User's Manual. The QUICC MC68EC040 support is described in 
Section 4 Bus Operation and Section 6 System Integration Moduie (SiM60). 




Tabie 2-7. System Bus Signal Index (Slave Mode) 



Master Mode 
Mnemonic 


Slave Mode 
Signal Name 


Slave Mode 
Mnemonic 


Slave Mode Function 


FC2-FC0 


Function Codes/ 
Transfer Modifier 


FC2-FC0/ 
TM2-TM0 


Identifies the processor state and the address space of the 
current bus cycle (I/O), or Indicates the MC68EC040 
supplement information about the access (1). 


FC3 


Function Code/ 
Transfer Type 


Fcam-Q 


Identifies the DMA address space of the current bus cycle 
(I/O), or indicates the MC68EC040 general transfer type: 
normal, M0VE16, alternate logical function code, and 
acknowledge (1). 


DS 


Data Strobe/ 
Transfer Type 


DS/TT1 


Data strobe (I/O), or Indicates the MC68EC040 general 
transfer type: normal, M0VE16, alternate logical function 
code, and acknowledge (J). 




Data and Size 
Acknowledge/ 

Transfer 
Acl(nowiedge 




Provides asynchronous data transfers and dynamic bus 
sizing; for the MC68EC040, asserted to acknowledge bus 
transfer. (Both are open-drain I/O but driven high before 
three-stated.) 


dSaCKi 


DSaCKI/TA 




Data and Size 

Acknowledge/ 

Transfer Burst 

Inlilbit 




Provides asynchronous data transfers and dynamic bus 
sizing; for the MC68EC040, Indicates that a slave cannot 
handle a line burst access. (Both are open-drain I/O but 
driven high before three-stated.) 


DSaCKo 


bSACKo/ 
TBI 


BERR 


Bus Error/ 
Transfer Error 
Acicnowiedge 


BERR/ 


BERR indicates an erroneous bus operation is being 
attempted by the QUICC (open-drain I/O); TEA Indicates 
the same for the MC68EC040 (open-drain I/O) 


TRiS 


Transfer Start 


Tg 


Indicates the beginning of an MC68040 bus transfer. (1) 




Burst Address 


BADD3- 
BADD2 


Address lines 2,3 generated by the QUICC on behalf of 
the MC68EC040, for MC68EC040 burst memory cycles. 
(0) 


IPIPEO/IFETCH 


BR 


Bus Request 


BR 
6R 


Asserted by the QUICC to request bus mastership (O.D. 0), 
or bus request Input from the MC68040. (1) 


B5 


Bus Grant 


m 


Asserted by external logic to grant bus mastership to the 
QUICC (1), or bus grant output to the MC68040. (0) 




Bus Grant 

Acknowledge 

Bus Busy 




Indicates that an external device or the QUICC has assumed 
bus mastership. (Open-drain I/O but driven high before three- 
stated). 


B6ACK 


B6ACK 
6S 


RMU/CONFIGO 


040 Lock Cycle/ 
Configuration 


LOCI^ 
CONFIGO 


An MC68040 Lock signal Input to prevent the QUICC 
from obtaining the system bus during locked cycles (1), 

and the initial QUICC configuration select (1). 
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Table 2-7. System Bus Signal Index (Slave Mode) (Continued) 




Master Mode 
Mnemonic 


Slave Mode 
Signal Name 


Slave Mode 
Mnemonic 


Slave Mode Function 


bRpt 


Breakpoint Out 


BKPTO 


Signals a liardware breaicpoint to the external CPU. (0) 


FREEZE/ 
C0NFIG2 


Freeze/Initial 

Configuration 

Pin 2 




Provides an MBAR access enable (1), or the initial QUICC 
configuration select. (1) 


MBARE/ 
CONFIG2 


|RQ1,4.6 


Interrupt Request/ 
Interrupt Outputs 


lRdl.4,6/ 
I0UT2-IOUT0/ 


Provides an interrupt request to the QUICC interrupt 


controller (i), or interrupt output signals (O) (either ROOUT as 
a single request or IOUT2-IOUT0 encoded). 


RQOUT 


PRTYO 


Parity 0/lnterrupt 
Output 2 




Parity signals for D31-D24 writes/reads fromAo external 
memory bank (I/O), or interrupt output 2 signal (O). 


PRTY0/IOUT2 


PRTY1 


Parity 1/lnterrupt 
Output 1 




Parity signals for D23-D16 writes/reads from/to external 
memory bank (I/O) or intermpt output 1 signal. (0) 


PRTY1/IOUT1 


PRTY2 


Parity 2/ 

Intermpt Output 0/ 

Request Output 




Parity signals for D15-D8 writes/reads from/to external 
memory bank (I/O), or interrupt output signal (0), or 
RQOUT as a single interrupt request output (O). 


PRTY2/K5DTO/ 


RQOUT 




Autovector Output 




Signal output to the external processor to generate an 
internal vector number during an interrupt acknowledge 
cycle, (three-stated 0) 


aveC/iaCKs 


AVECO 




Bus Clear Input/ 
Row Address 

Select 1 
Double-Drive 




Signals that an external device requests the QUICC to 
release the external bus (1), or row address select 1 double- 
drive (O). 


IPIPE1/ 
ftASiDD 


BCLRI/ 
RAS1DD 



2.3 ON-CHIP PERIPHERALS SIGNAL INDEX 

The input and output system signals for the QUICC peripherals are listed in Table 2-8. 
The signal name, mnemonic, and a brief functional description are presented. For more 
detail on each signal, refer to the specific module section. The peripherals pins are divided 
into three ports: A, B, and C. 

Port A has 16 pins, port B has 18 pins, and port C has 12 pins. All the following signals 
are multiplexed with either port A, B, or C. All pins may be inputs or outputs; in addition, 
some pins may be configured to be open-drain. See 7.14 Parallel I/O Ports for further 
details. 
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Table 2-8. Peripherals Signal Index 



Group 


Signal Name 


Mnemonic 


Function 


sec 


Receive Data 


RXD4-RXD1 


Serial receive data input to the SCCs. (1) 


Transmit Data 


TXD4-TXD1 


Serial transmit data output from the SCCs. (O) 


Request to Send 


RTS4-RTS1 


Request to send outputs indicate that the SCC is ready to 
transmit data. (O) 


Clear to Send 


CTS4^T61 


Clear to send inputs indicate to the SCC that data transmission 
may begin. (1) 


Carrier Detect 


CD4-CD1 


Carrier detect inputs indicate that the SCC should begin reception 
of data. (1) 


Receive Start 




This output from SCC1 klentifies the start of a receive frame. Can 
be used by an Ethernet CAM to perfomi address matching. (0) 


RSTRT1 


Receive Reject 




This input to SCC1 allows a CAM to reject the current Ethemet 
frame after it determines the frame address did not match. (1) 


rrjCtI 


Clocl<s 


CLK8-CLK81 


Input clocks to the SCCs, SMCs, SI, and the baud rate 
generators. (1) 


IDMA 


DI\^A Request 




A request (input) to an IDMA channel to start an IDMA transfer. (1) 


DREQ2-DREQ1 


DMA Acltnowiedge 




An acknowledgement (output) by the IDMA that an IDMA transfer 
is in progress. (0) 


DACK2-DACK1 


DMA Done 




A bidirectional signal that indicates the last IDMA transfer in a 
block of data. (I/O) 


DONE2-DONE1 


TIMER 


Timer Gate 




An input to a timer that enables/disables the counting function. (1) 


TGATE2-TGATE1 


Timer Input 


TIN4-TIN1 


Time reference input to the timer that allows it to function as a 
counter. (1) 


Timer Output 




Output wavefomi (pulse or toggle) from the timer as a result of a 
reference value being reached. (0) 


TOUT4-TOUT1 


SPI 


SPI Master-In 
Slave-Out 


SPIMISO 


Serial data input to the SPI master (1); serial data output from an 
SPI slave (0). 


SPI Master-Out 
Slave-In 


SPIMOSI 


Serial data output from the SPI master (O).; serial data input to an 
SPI slave (1). 


SPI Clock 


SPICLK 


Output clock from the SPI master (O); Input clock to the SPI slave 


SPI Select 




SPI slave select input. (1) 


SPISEL 


$MC 


SMC Receive 
Data 


SMRXD2- 
SMRXD1 


Serial data input to the SMCs. (1) 


SMC Transmit 
Data 


SMTXD2- 
SMTXD1 


Serial data output from the SMCs. (0) 


SMC Sync 




SMC synchronization signal. (1) 


SMSYN2-^MSYN1 


SI 


SI Receive Data 


L1RXDA,L1RXDB 


Serial input to the time division multiplexed (TDM) channel A or 
channel B. 


SI Transmit Data 


L1TXDA, L1TXDB 


Serial output from the TDM channel A or channel B. 


SI Receive Clock 


L1RCLKA, 
L1RCLKB 


Input receive clock to TDM channel A or channel B. 
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Table 2-8. Peripherals Signal Index (Continued) 




Group 


Signal Name 


Mnemonic 


Function 


SI 
(Cont'd) 


SI Transmit Clock 


L1TCLKA. 
L1TCLKB 


Input transmit clock to TDM channel A or channel B. 


SI Transmit 
Sync Signals 


L1TSYNCA, 
L1TSYNCB 


Input transmit data sync signal to the TDM channel A or channel 
B. 


SI Receive 
Sync Signals 


L1RSYNCA. 
L1RSYNCB 


Input receive data sync signal to TDM channel A or channel B. 


IDL Interface 
Request 


L1RQA,L1RQB 


IDL interface request to transmit on the D channel. Output from 
the SI. 


SI Output Clock 


L1CLK0A. 
L1CLK0B 


Output serial data rate clock. Can output a data rate clock when 
the input clock is 2x the data rate. 


SI Data Strobes 


L1ST4-L1ST1 


Serial data strobe outputs can be used to gate clocks to extemal 
devices that do not have a built-in time slot assignor (TSA). 


BRG 


Baud Rate 
Generator Out 4-1 


BRG04-BRG01 


Baud rate generator output clock allows baud rate generator to be 
used externally. 


BRG Input Clock 


CLK2, CLK6 


Baud rate generator input clock from which BRG will derive the 
baud rates. 


PIP 


Port 815-0 


PB15-PB0 


PIP Data I/O Pins 


Strobe Out 


STRBO 


This input causes the Pip output data to be placed on the PIP 
data pins. 


Strobe In 


STRBI 


This input causes data on the PIP data pins to be latched by the 
PIP as input data. 


RISC 


External Request 
1-0 




Extemal request input to the RISC controller. Used only with 
Motorola-supplied RAM microcode packages. 


EXT1-EXT0 


SOMA 
Acknowledge 2-1 




SDMA output signals used in RISC receiver to mark fields in the 
Ethernet receive frame. 


SDACKa-SDACKl 
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SECTION 3 

QUICC MEMORY MAP 

The following tables present a programmer's model (register map) of all registers in the 
QUICC. For more information about a particular register, refer to the description for the 
module or sub-module indicated in the right column. The address column indicates the 
offset of the register from the address stored in the module base address register (MBAR). 
This register in the SIM block controls the location of all internal memory/registers as well 
as their supervisor/user access space (see Section 6 System Integration i\/lodule 
(Sil\/i)). Bold letters mark registers that are restricted to supervisor access. Other registers 
are programmable to exist in either supervisor or user space. Registers that are reset only 
by hard reset are marked with an H in the reset value column. All of the registers are 
memory-mapped. 

All internal memory and registers occupy a single 8-Kbyte memory block that is 
relocatable along 8-Kbyte boundaries. The location is fixed by writing the desired base 
address of the 8-Kbyte memory block to the MBAR using the MOVES instruction. The 
MBAR is the only exception since it resides at a fixed location in $03FF00. 

The 8-Kbyte block is divided into two 4-Kbyte sections. The RAM occupies the first 
section; the internal registers occupy the second section. The location of the QUICC 
registers is shown in Figure 3-1 . 
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4KB- 



4KB- 



INTERNAL 
REGISTERS 




MBAR(SIM) 



T DPRBASE (DUAL-PORT RAM BASE) 



-DUAL-PORTRAM 



-< REGB (REGISTER BASE) = DPRBASE -f 4K 



Figure 3-1. QUICC Memory Map 



3.1 DUAL-PORT RAM MEMORY MAP 

The Internal 2560-byte dual-port RAM is partitioned to 1536 bytes of system RAM, 256- 
byte microcode scratch area, and 768 bytes of parameter RAM (see Table 3-1). its base 
address, called dual-port RAM base (DPRBASE), Is the address pointed to by the MBAR. 

The system RAM may be used for microcode program area, data area, and buffer 
descriptors (BDs). it may be partitioned in several ways, allowing programmable partition 
sizes to fit the system requirements. This is described in Section 7 Communication 
Processor Moduie (CPM). 

The parameter RAM contains the protocol-specific parameters. For detailed Information 
about the use of the buffer descriptors and protocol parameters in a specific protocol, see 
Section 7 Communication Processor Module (CPM). 



3-2 



MC68360 USER'S MANUAL 



MOTOROLA 



Table 3-1. Dual-Port RAM Map 



Address 


Size 


Block 


Description 


DPRBASE + 
DPRBASE + 3FF 


1024 Bytes 


Dual-Port RAM 


User Data / BDs / 

Microcode 

Program 


DPRBASE + 400 
DPRBASE + 5FF 


512 Bytes 


Dual-Port RAM 


User Data / BDs 


DPRBASE + 600 
DPRBASE + 6FF 


256 Bytes 


Dual-Port RAM 


User Data / BDs / 
Microcode Scratch 


DPRBASE + 700 
DPRBASE + BFF 




Reserved 


Reserved 


DPRBASE + COO 
DPRBASE + CBF 


192 Bytes 


Dual-Port RAM 


Parameter RAM 
Page 1 


DPRBASE + ceo 
DPRBASE + CFF 




Reserved 


Reserved 


DPRBASE + DOO 
DPRBASE + DBF 


192 Bytes 


Dual-Port RAM 


Parameter RAM 
Page 2 


DPRBASE + DCO 
DPRBASE + DFF 




Reserved 


Reserved 


DPRBASE + EOO 
DPRBASE + EBF 


192 Bytes 


Dual-Port RAM 


Parameter RAM 
Page 3 


DPRBASE + ECO 
DPRBASE + EFF 




Reserved 


Reserved 


DPRBASE + FOO 
DPRBASE + FBF 


192 Bytes 


Dual-Port RAM 


Parameter RAM 
Page 4 


DPRBASE + FCO 
DPRBASE + FFF 




Reserved 


Reserved 




3.2 CPM SUB-MODULE BASE ADDRESSES 

Within the four parameter RAM pages are the base addresses for the CPM sub-modules 
such as the SCCs, SMCs, etc. The base addresses for the sub-modules are shown in 
Table 3-2. See the particular sub-module description within Section 7 Communication 
Processor Module (CPM) for further information. 
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Table 3-2. CPM Sub-Module Base Addresses 




Parameter 
RAM Page 


Sub-Module 


Base Address 


1 


SCC1 Base 


DPRBASE + $C00 


1 


Misc Base 


DPRBASE + $CBO 


2 


SCC2 Base 


DPRBASE + $D00 


2 


SRI Base 


DPRBASE + $D80 


2 


Timer Base 


DPRBASE + $DBO 


3 


SCC3 Base 


DPRBASE + $E00 


3 


IDMA1 Base 


DPRBASE + $E70 


3 


SMC1 Base 


DPRBASE + $E80 


4 


SCC4 Base 


DPRBASE + $F00 


4 


IDMA2 Base 


DPRBASE + $F70 


4 


SMC2 Base 


DPRBASE + $F80 



3.3 INTERNAL REGISTERS MEMORY MAP 

In addition to \he internal dual-port RAM, there are a number of internal registers to 
support the functions of the various CPU32+ core peripherals. The internal registers (see 
Tables 3-3 and 3-4) are memory-mapped registers offset from the register base 
(REGBASE) pointer. REGBASE (abbreviated REGB) = DPRBASE + 4K. All registers are 
located on the internal 1MB. 

NOTES 

All registers that are underlined in the following tables are 
special registers called event registers. In these registers, bits 
are set by the QUICC and cleared by the user. To clear a bit, 
the user must write a one to that bit. For example, to clear bit 2 
in SCCE1 , the MOVE.B #$04,SCCE1 instruction may be used. 
Do NOT use read-modify-write instructions (such as BSET, 
BCLR, AND, OR, etc.) with these registers, or ALL bits in that 
register will inadvertently be cleared. See the individual register 
descriptions for more information. 

All undefined and reserved bits within registers and parameter 
RAM values written by the user should be written with zero to 
allow for future enhancements to the device. 

Bold letters mark registers that are restricted to supervisor 
access. 
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3.3.1 SIM Registers Memory Map 

Table 3-3 lists the SIM registers memory map. 





Table 3-3. 


QUICC SIM Registers Memory Map 






Address 


Name 


Width 


Description 


Reset Value 


Biocic 


REQB + 0000 


MCR 


32 


Module Configuration Register 


0000 7cff 


H 


SIM 


REGB -«- 0004 




32 


Reserved 






REGB -t- 0008 


AVR 


8 


Autovector Register 


00 


H 


REGB + 0009 


R$R 


8 


Reset status Register 




WS 


REGB + 000a 




16 


Reserved 






REGB + 000c 


CLKOCR 


8 


CLKO Control Register 


00 


H 


REGB + OOOd 






Reserved 






REGB -(-0010 


PLLCR 


16 


PLL Control Register 


f(MODCKI-O) 


H 


REGB + 0012 




16 


Reserved 






REGB -I- 0014 


COVCR 


16 


Clock Divider Control Register 


0000 


H 


REGB + 0016 


PEPAR 


16 


Port E Pin Assignment Register 


0000 


H 


REGB -1-0018 

to 
REGB -t- 0021 






Reserved 






REGB + 0022 


SYPCR 


8 


System Protection Control 


f(MODCK1-0) 


H 


REGB -t- 0023 


SWIV 


8 


Software Interrupt Vector 


OF 


H 


REGB -1- 0024 




16 


Reserved 






REGB + 0026 


PICR 


16 


Periodic Interrupt Control Register 


OOOF 


H 


REGB -f 0028 




16 


Reserved 






REGB -t- 002a 


prrR 


16 


Periodic Interrupt Timing Register 


0000/0300 


H 


REGB + 002c 




24 


Reserved 






REGB-t-002f 


SWSR 


8 


Software Service Register 


00 


H 


REGB + 0030 


BKAR 


32 


Breal<point Address Register 


XXXX 


— 


REGB + 0034 


BKCR 


32 


Breakpoint Control Register 


0000 0000 


H 


REGB •«- 0038 

to 
REGB + 003f 






Reserved 






REGB + 0040 


GMR 


32 


Global Memory Register 


00001200 


H 


MEMO 


REGB + 0044 


MSTAT 


16 


Memory Controller Status Register 


0000 


H/S 


REGB -i- 0046 

to 
REGB -«- 004f 






Reserved 






REGB + 0050 


BRO 


32 


Base Register 


0000 0051 


H 


REGB -f 0054 


ORO 


32 


Option Register 


FOOO 0000 


H 


REGB -i- 0058 

to 
REGB + 005f 






Reserved 
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Table 3-3. 


QUICC SIM Registers Memory Map (Continued 


1 




Address 


Name 


width 


Description 


Reset Value 


Block 


REGB -t- 0060 


BR1 


32 


Base Register 1 


0000 0050 


H 


MEMO 
(Cont'd) 


REGB + 0064 


0R1 


32 


Option Register 1 


FOOOOOOO 


H 


REGB •«- 0068 

to 
REGB +006f 






Reserved 






REGB + 0070 


BR2 


32 


Base Register 2 


0000 0050 


H 


REGB + 0074 


0R2 


32 


Option Register 2 


FOOOOOOO 


H 


REGB + 0078 

to 
REGB + 007f J 






Reserved 






REGB + 0080 


BR3 


32 


Base Register 3 


0000 0050 


H 


REGB + 0084 


0R3 


32 


Option Register 3 


FOOO 0000 


H 


REGB + 0088 

to 
REGB + 008f 






Reserved 






REGB -1- 0090 


BR4 


32 


Base Address Register 4 


0000 0050 


H 


REGB + 0094 


0R4 


32 


Option Register 4 


FOOO 0000 


H 


REGB + 0098 

to 
REGB + 009f 






Reserved 






REGB + OOaO 


BR5 


32 


Base Address Register 5 


0000 0050 


H 


REGB + 00a4 


0R5 


32 


Option Register 5 


FOOO 0000 


H 


REGB + 00a8 

to 
REGB + OOaf 






Reserved 






REGB + OObO 


BR6 


32 


Base Address Register 6 


0000 0050 


H 


REGB + 00b4 


0R6 


32 


Option Register 6 


FOOO 0000 


H 


REGB + OObS 

to 
REGB + OObf 






Reserved 






REGB + OOcO 


BR7 


32 


Base Address Register 7 


0000 0050 


H 


REGB -1- 00c4 


OR7 


32 


Option Register 7 


FOOO 0000 


H 


REGB + 00c8 

to 
REGB + OOef 






Reserved 






REGB + OOfO 

to 
REGB-t-OOff 






Reserved 
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3.3.2 CPM Registers Memory Map 

Table 3-4 lists the CPM registers memory map. 





Table 3-4. 


QUICC CPM Registers IMemory IMap 






Address 


Name 


Width 


Description 


Reset Value 


Block 


REGB-t-400 

to 
REGB -1- 4ff 






Reserved 








REGB -t- 500 


IGOR 


16 


Channel Configuration Register 


0000 


H 


IDMA1 


REGB -1- 502 




16 


Reserved 






REGB -1-504 


0MR1 


16 


IDIVIA1 Mode Register 


0000 




REGB -1- 506 




16 


Reserved 






REGB -1- 508 


SAPRI 


32 


IDMA1 Source Address Pointer 


0000 0000 




REGB -1- 50C 


DAPR1 


32 


IDIVIA1 Destination Address Pointer 


0000 0000 




REGB -t- 510 


BCR1 


32 


IDMA1 Byte Count Register 


0000 0000 




REGB ■^ 514 


FORI 


8 


IDMA2 Function Code Register 


00 




REGB -t- 515 




8 


Reserved 






REGB -1-516 


CMAR1 


8 


Channel Masl< Register 


00 




REGB •^ 517 




8 


Reserved 






REGB -^ 518 


CSR1 


8 


IDIVIA1 Channel Status Register 


00 




REGB -H 519 




24 


Reserved 






REGB -1-510 


SDSR 


8 


SDIVIA Status Register 


00 




SDMA 


REGB-«-51D 




8 


Reserved 






REGB -t- 51 E 


SDCR 


16 


SDMA Configuration Register 


0000 


H 


REGB -«- 520 


SDAR 


32 


SDI\4A Address Register 


xxxxxxxx 




REGB •«- 524 




16 


Reserved 






IDMA2 


REGB -1- 526 


CMR2 


16 


IDMA2 Mode Register 


0000 




REGB -t- 528 


SAPR2 


32 


IDMA2 Source Address Pointer 


0000 0000 




REGB -1- 520 


DAPR2 


32 


IDMA2 Destination Address Pointer 


0000 0000 




REGB -i- 530 


BCR2 


32 


IDMA2 Byte Count Register 


0000 0000 




REGB -t- 534 


FCR2 


8 


IDMA2 Function Code Register 


00 




REGB -^ 635 




8 


Reserved 






REGB + 536 


CMAR2 


8 


Channel Masl< Register 


00 




REGB -1-537 




8 


Reserved 






REGB -t- 538 


CSR2 


8 


IDMA2 Channel Status Register 


00 




REGB -t- 539 

to 
REGB-(-53F 






Reserved 
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Table 3-4. QUICC CPM Registers Memory Map (Continued) 




Address 


Name 


Width 


Description 


Reset Value 


Block 


REGB + 540 


CICR 


24 


OP Interrupt Oonfiguratlon Register 


xxOO 0000 


H 


CPIC 


REGB + 544 


CIPR 


32 


OP Interrupt Pending Register 


0000 0000 




REGB + 548 


OIMR 


32 


OP Interrupt Mask Register 


0000 0000 




REGB + 540 


CISR 


32 


OP In-Service Register 


0000 0000 




REGB + 550 


PADIR 


16 


Port A Data Direction Register 


0000 


H 


Parallel 
I/O 


REGB + 552 


PAPAR 


16 


Port A Pin Assignment Register 


0000 


H 


REGB + 554 


PAODR 


16 


Port A Open Drain Register 


0080 


H 


REGB + 556 


PADAT 


16 


Port A Data Register 


xxxx 




REGB + 558 

to 
REGB + 55f 






Reserved 






REGB + 560 


PCDIR 


16 


Port Data Direction Register 


0000 


H 


REGB + 562 


PCPAR 


16 


Port Pin Assignment Register 


0000 


H 


REGB + 564 


peso 


16 


Port Special Options 


0000 


H 


REGB + 566 


PCDAT 


16 


Port Data Register 


xxxx 




REGB + 568 


POINT 


16 


Port Interrupt Oontrol Register 


0000 


H 


REGB + 56a 

to 
REGB + 57f 






Reserved 






REGB + 580 


TGCR 


16 


Timer Global Oonfiguratlon Register 


0000 


H 


TIMER 

■ 


REGB + 582 

to 
REGB + 58f 






Resen/ed 






REGB + 590 


TMR1 


16 


Timerl Mode Register 


0000 




REGB + 592 


TMR2 


16 


Timer2 Mode Register 


0000 




REGB + 594 


TRR1 


16 


Timerl Reference Register 


FFFF 




REGB + 596 


TRR2 


16 


Timer2 Reference Register 


FFFF 




REGB + 598 


TORI 


16 


Timerl Oapture Register 


FFFF 




REGB + 59A 


T0R2 


16 


Timer2 Oapture Register 


FFFF 




REGB + 590 


T0N1 


16 


Timerl Oounter 


0000 




REGB + 59E 


T0N2 


16 


Timer2 Oounter 


0000 




REGB + 5A0 


TMR3 


16 


Timers Mode Register 


0000 




REGB + 5A2 


TMR4 


16 


Timer4 Mode Register 


0000 




REGB + 5A4 


TRR3 


16 


Timers Reference Register 


FFFF 




REGB + 5A6 


TRR4 


16 


Timer4 Reference Register 


FFFF 




REGB + 5A8 


T0R3 


16 


Timers Oapture Register 


FFFF 




REGB + 5AA 


T0R4 


16 


Timer4 Oapture Register 


FFFF 
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Table 3-4. 


QUICC CPM Registers Memory Map (Continued) 




Address 


Name 


Width 


Description 


Reset Vaiue 


Blocic 


REGB + SAC 


TCN3 


16 


Timer3 Counter 


0000 




TIMER 
(Cont'd) 


REGB+5AE 


TCN4 


16 


Timer4 Counter 


0000 




REGB + 5B0 


TER1 


16 


Timen Event Register 


0000 




REGB + 5B2 


TER2 


16 


Timer2 Event Register 


0000 




REGB + 5B4 


TER3 


16 


Timer3 Event Register 


0000 




REGB + 5B6 


TER4 


16 


Timer4 Event Register 


0000 




REGB + 5b8 

to 
REGB + 5bf 






Reserved 






REGB + SCO 


CR 


16 


Command Register 


0000 




CP 


REGB + SC4 


RCCR 


16 


RISC Configuration Register 


0000 


H 


REGB + SC6 

to 
REGB + SdS 






Reserved 






REGB+SD6 


RTER 


16 


RISC Timers Event Register 


0000 




REGB + 5DA 


RTMR 


16 


RISC Timers Mask Register 


0000 




REGB + Sdc 

to 
REGB -i- Set 






Reserved 






REGB + SFO 


BRGC1 


24 


BRG1 Configuration Register 


xxOO 0000 


H 


BRG 


REGB + SF4 


BRGC2 


24 


BRG2 Configuration Register 


xxOO 0000 


H 


REGB + SF8 


BRGC3 


24 


BRG3 Configuration Register 


xxOO 0000 


H 


REGB + 5FC 


BRGC4 


24 


BRG4 Configuration Register 


XxOO 0000 


H 


REGB + 600 


GSMR_L1 


32 


SCC1 General Mode Register 


0000 0000 




SCC1 


REGB + 604 


GSMR_H1 


32 


SCC1 General Mode Register 


0000 0000 




REGB + 608 


PSMR1 


16 


SCC1 Protocol-Specific Mode Register 


0000 




REGB + 60c 


T0DR1 


16 


SCC1 Transmit on Demand 


0000 




REGB + 60e 


DSR1 


16 


SCC1 Data Sync. Register 


7E7E 




REGB + 610 


5CCE1 


16 


SCC1 Event Register 


0000 




REGB + 614 


SCCM1 


16 


SCC1 Mask Register 


0000 




REGB + 617 


SCCS1 


8 


SCC1 Status Register 


00 




REGB + 618 

to 
REGB + 61f 






Reserved 






REGB + 620 


GSMR_L2 


32 


SCC2 General Mode Register 


0000 0000 




SCC2 


REGB + 624 


GSMR_H2 


32 


SCC2 General Mode Register 


0000 0000 




REGB + 628 


PSMR2 


16 


SCC2 Protocol-Specific Mode Register 


0000 




REGB + 62c 


T0DR2 


16 


SCC2 Transmit on Demand 


0000 
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Table 3-4. QUICC CPM Registers Memory Map (Continued) 




Address 


Name 


Width 


Description 


Reset Value 


Block 


REGB + 62e 


DSR2 


16 


SCC2 Data Sync. Register 


7E7E 




SC02 
(Cont.) 


REGB + 630 


S0CE2 


16 


S002 Event Register 


0000 




REGB + 634 


SC0M2 


16 


S002 Masl( Register 


0000 




REGB + 637 


SC0S2 


8 


S002 Status Register 


00 




REGB + 638 

to 
REGB + 63f 






Reserved 






REGB + 640 


GSMR_L3 


32 


S003 General Mode Register 


0000 0000 




8003 


REGB + 644 


GSMR_H3 


32 


SC03 General Mode Register 


0000 0000 




REGB + 648 


PSMR3 


16 


S0C3 Protocol-Specific Mode Register 


0000 




REGB + 64c 


T0DR3 


16 


S003 Transmit on Demand 


0000 




REGB + 64e 


DSR3 


16 


S003 Data Sync. Register 


7E7E 




REGB + 650 


50CE3 


16 


S0C3 Event Register 


0000 




REGB + 654 


S00M3 


16 


S003 Masl< Register 


0000 




REGB + 657 


S00S3 


8 


S003 Status Register 


00 




REGB + 658 

to 
REGB + 65f 






Reserved 






REGB + 660 


GSMR_L4 


32 


S004 General Mode Register 


0000 0000 




S004 


REGB + 664 


GSMR_H4 


32 


SCC4 General Mode Register 


0000 0000 




REGB + 668 


PSMR4 


16 


SC04 Protocol-Specific Mode Register 


0000 




REGB + 660 


T0DR4 


16 


S004 Transmit on Demand 


0000 




REGB + 66e 


DSR4 


16 


S004 Data Sync. Register 


7E7E 




REGB + 670 


sooe4 


16 


S004 Event Register 


0000 




REGB + 674 


S00M4 


16 


S004 Masl< Register 


0000 




REGB + 677 


S00S4 


8 


S004 Status Register 


00 




REGB + 678 

to 
REGB + 681 




, 


Reserved 






REGB + 682 


SM0MR1 


16 


SM01 Mode Register 


0000 




SM01 


REGB + 686 


5MCE1 


8 


SM01 Event Register 


00 




REGB + 68a 


SM0M1 


8 


SM01 Masl( Register 


00 




REGB + 680 






Reserved 






REGB + 692 


SM0MR2 


16 


SM02 Mode Register 


0000 




SM02 


REGB + 696 


5MOE2 


8 


SMC2 or PIP Event Register 


00 




REGB + 69a 


SM0M2 


8 


SM02 Masit Register 


00 




REGB + 690 






Reserved 
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Table 3-4. QUICC CPM Registers Memory Map (Concluded) 



Address 


Name 


Width 


Description 


Reset Vaiue 


Block 


REGB + 6A0 


SPMODE 


16 


SPI Mode Register 


0000 


H 


SPI 


REGB + 6A6 


SPIE 


8 


SPI Event Register 


00 




REGB + 6AA 


SPIM 


8 


SP! Masl< Register 


00 




REGB -f 6AC 


SPCOM 


8 


SPI Command Register 


xxOO 




REGB + 6B2 


PIPC 


16 


PIP Configuration Register 


0000 


H 


PIP 


REGB + 6B6 


PTPR 


16 


PIP Timing Parameters Register 


0000 




REGB + 6B8 


PBDIR 


18 


Port B Data Direction Register 


xxxO 0000 


H 


REGB + 6BC 


PBPAR 


18 


Port B Pin Assignment Register 


xxxO 0000 


H 


REGB + 6C0 


PBODR 


16 


Port B Open Drain Register 


xxxxOOOO 


H 


REGB + 6C4 


PBDAT 


18 


Port B Data Register 


xxxX XXXX 




REGB + 6c8 

to 
REGB -t- 6df 






Reserved 






REGB + 6E0 


SIMODE 


32 


SI Mode Register 


0000 0000 


H 


SI 


REGB + 6E4 


SIGMR 


8 


SI Global Mode Register 


00 


H 


REGB -i- 6E6 


SISTR 


8 


SI Status Register 


00 


H 


REGB + 6E7 


SIGMR 


8 


SI Command Register 


00 




REGB + 6E8 




32 


Reserved 






REGB+ 6EG 


SICR 


32 


SI Clock Route 


0000 0000 


H 


REGB + 6F0 


SIRP 


32 


SI RAM Pointers 


0000 0000 




REGB + 6F4 

to 
REGB + 6FF 


RES 




Resen/ed 






REGB + 700 

to 
REGB + 7ff 


SIRAM 


256 
Bytes 


SI Routing RAM 


XXXX 
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SECTION 4 
BUS OPERATION 

This section provides a functional description of the system bus, the signals that control it, 
and the bus cycles provided for data transfer operations, it also describes the error and 
halt conditions, bus arbitration, and reset operation. Operation of the external bus Is the 
same whether the QUICC or an external device is the bus master; the names and 
descriptions of bus cycles are from the viewpoint of the bus master. For exact timing 
specifications, refer to Section 10 Electrical Characteristics. 

NOTE 

The bus operation of the QUICC is very similar to the bus 
operation of the MC68030 and the MC68340. Much of the text 
and figures of the bus operation of those devices is common to 
this section. 

The QUICC also supports the MC68EC040 (or other M68040 family members) as an 
external bus master. The MC68EC040 can access QUICC registers and use QUICC 
peripherals. The QUICC has a glueless MC68EC040 interface and special logic for acting 
as the MC68EC040 memory controller, interrupt controller, and the provider of system 
protection logic. The MC68EC040 bus operation is described in the M68040 User Manual. 
When the QUICC is the bus master of an M68040 system, its bus operation remains the 
same when it is the only bus master in the system. See 4.6.7 Internal Accesses for a 
description and timing diagram of the MC68EC040 Internal read/write cycles (i.e., 
MC68EC040 reading/writing the QUICC) and interrupt acknowledge cycles. See 6.11 
General-Purpose Chip-Select Overview (SRAi\/l Banks) and 6.12 DRAIVI Controller 
Overview (DRAM Banks) for more information on the timing diagrams of MC68EC040 
DRAM and SRAM accesses. 

The QUICC architecture supports byte, word, and long-word operands allowing access to 
8-, 16-, and 32-blt data ports through the use of asynchro nous cycles control led by the 
size outputs (SIZ1, SIZO) and data size acknowledge inputs (DSACK1, DSACKO). 

The QUICC allows byte, word, and long-word operands to be located in memory on any 
byte boundary. For a misaligned transfer, more than one bus cycle may be required to 
complete the transfer, regardless of port size. For a port less than 32 bits wide, multiple 
bus cycles may be required for an operand transfer due to either misalignment or a port 
width smaller than the operand size. Instruction words and their associated extension 
words must be aligned on word boundaries. The user should be aware that misalignment 
of word or long-word operands can cause the CPU32+ to perform multiple bus cycles for 
operand transfers; therefore, processor performance is optimized If word and long-word 
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memory operands are aligned on word or long-word boundaries, respectively. The QUICC 
IDMAs, when used, reduce the misalignment overhead to a minimum. 

4.1 BUS TRANSFER SIGNALS 

The bus transfers information between the QUICC and external memory or a peripheral 
device. External devices can accept or provide 8, 16, or 32 bits In parallel and must follow 
the handshake protocol described in this section. The maximum number of bits accepted 
or provided during a bus transfer is defined as the port width. The QUICC contains an 
address bus that specifies the address for the transfer and a data bus that transfers the 
data. Control signals indicate the beginning and type of the cycle as well as the address 
space and size of the transfer. The selected device then controls the length of the cycle 
with the slgnal(s) used to terminate the cycle. Strobe signals, one for the address bus and 
another for the data bus, indicate the validity of the address and provide timing information 
for the data. 

Both asynchronous and synchronous operation Is possible for any port width. In 
asynchronous operation, the bus and control input signals are Internally synchronized to 
the QUICC clock, introducing a delay. This delay is the time required for the QUICC to 
sample an input signal, synchronize the input to the internal clocks, and determine 
whether It is high or low. In synchronous mode, the bus and control Input signals must be 
timed to setup and hold times. Since no synchronization is needed, bus cycles can be 
completed in three clock cycles In this mode. Additionally, using the fast-termination option 
of the chip-select signals, two-clock operation is possible. 

Furthermore, for all inputs, the QUICC latches the level of the Input during a sample 
window around the falling edge of the clock signal. This window is illustrated in Figure 4-1 , 
where tsu and th are the input setup and hold times, respectively. To ensure that an input 
signal is recognized on a specific falling edge of the clock, that Input must be stable during 
the sample window. If an Input makes a transition during the window time period, the level 
recognized by the QUICC is not predictable; however, the QUICC always resolves the 
latched level to either a logic high or low before using It. In addition to meeting input setup 
and hold times for deterministic operation, all Input signals must obey the protocols 
described in this section. 
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Figure 4-1. Input Sample Window 



4.1.1 Bus Control Signals 

The QUICC initiates a bus cycle by driving tiie address, size, function code, and read/write 
outputs. At the beginning of a bus cycle, SIZ1 and SIZO are driven with the FC signals. 
SIZ1 and SIZO indicate the number of bytes remaining to be transferred during an operand 
cycle (consisting of one or more bus cycles). Table 4-3 lists the encoding of SIZ1 and 
SIZO. These signals are valid while AS is asserted. 

The R/W signal determines the direction of th£ transfer during j^bus cycle. Driven at the 
beginning of a bus cycle, R/W is valid while AS is asserted. R/W only transitions when a 
write cycle is preceded by a read cycle or vice versa. The signal may remain low for 
consecutive write cycles. 



The RMC signal is asserted at the beginning of the first bus cycle of a read-modify-write 
operation and remains asserted until completion of the final bus cycle of the operation. 

4.1.2 Function Codes (FC3-FC0) 

The FCx signals are outputs that indicate one of 16 address spaces to which the address 
applies. Fifteen of these spaces are designated as either a normal or DMA cycle, user or 
supervisor, and program or data spaces. One other address space is designated as CPU 
space to allow the CPU32+ to acquire specific control information not normally associated 
with read or write bus cycles. The FCx signals are valid while AS is asserted. 

Function codes (see Table 4-1) can be considered as extensions of the 32-bit address 
that can provide up to eight different 4-Gbyte address spaces. Function codes are 
automatically generated by the CPU32+ to select address spaces for data and program at 
both user and supervisor privilege levels, and a CPU address space for processor 
functions. User programs access only their own program and data areas to increase 
protection of system integrity and can be restricted from accessing other information. The 
S-bit in the CPU32+ status register is set for supervisor accesses and cleared for user 
accesses to provide differentiation. Refer to 4.4 CPU Space Cycles for more Information. 
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Table 4-1. Address Space Encoding 




Function Code Bits 


Address Spaces 


3 


2 


1 

















Reserved (Motorola) 











1 


User Data Space 








1 





User Program Space 








1 


1 


Reserved (User) 





1 








Reserved (Motorola) 





1 





1 


Supervisor Data Space 





1 


1 





Supervisor Program Space 





1 


1 


1 


Supervisor CPU Space 


1 


X 


X 


X 


DMA space 



4.1.3 Address Bus (A31-A0) 

The address bus signals are outputs that define the address of the byte (or the most 
significant byte) to be transferred during a bus cycle. The QUiCC places the address on 
the bus at the beginning of a bus cycle. The address is valid while AS is asserted. 

4.1.4 Address Strobe (AS) 

AS is an output timing signal that indicates the validity of an address on the address bus 
and of many control signals. AS is asserted approximately one-half clock cycle after the 
beginning of a bus cycle. 

4.1.5 Data Bus (D31 -DO) 

The data bus is a bidirectional, nonmuitiplexed, parallel bus that contains the data being 
transferred to or from the QUICC. A read or write operation may transfer 8, 16, 24, or 32 
bits of data (one, two, three, or four bytes) in one bus cycle. During a read cycle, the data 
is latched by the QUICC on the last falling edge of the clock for that bus cycle. For a write 
cycle, all 32 bits of the data bus are driven, regardless of the port width or operand size. 
The QUICC places the data on the data bus approximately one-half clock cycle after AS is 
asserted In a write cycle. 

4.1.6 Data Strobe (DS) 

DS is an output timing signal that applies to the data bus. For a read cycle, the QUICC 
asserts DS and AS simultaneously to signal the external device to place data on the bus. 
For a write cyclers signals to the external device that the data to be written Is valid. The 
QUICC asserts DS approximately one clock cycle after the assertion of AS during a write 
cycle. 
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4.1.7 Output Enable (OE) 

OE is an output timing signal that applies to the data bus. On a r ead cycle, the QUICC 
asserts OE to signal the external device to place data on the bus. OE is asserted during 
read cycles with timing similar to AS. 

OE is not shown in the diagrams In this section. Use AS timing instead during read cycles. 



4.1.8 Byte Write Enable (WE3-WE0) 



The upper upper write enable (WEO) indicates that the upper eight bits of the dat a bus 
(D31-D24) contain valid data during a write cycle. The upper middle write enable (WE1) 
Indicates that the upper middle eight bits of the da ta bus (D23-D16) contain valid data 
during a write cycle. The lower middle write enable (WE2) indicates that the lower middle 
eight bit s of th e data bus (D15-D8) contain valid data during a write cycle. The lower write 
enable (WE3) indicates that the lower eight bits of the data bus contain valid data during a 
write cycle. 

The equations of the byte write enables for 32-bit port (B1 6M = 1) are as follows: 




WEO = R/W + AS + AO + A1 



WE1 = R/W + AS + not {(A1 * SIZO) + (AO * A1) + (A1 * SIZ.1)} 

WE2 = R/W + AS + not{(A0*A1) + (AT*SlZ0*SiZT) + (AT*SIZ0*SIZ1) + 
(AO * A1 * SIZO)} 



WE3 = R/W + AS + not {(AO * SIZO * SIZ1) + (SIZO * SIZ1) + (AO * SIZO) + (A1 * SIZ1)} 
These signals have the same timing as AS. The equations are valid only for a 32-bit port. 

The equations of the byte write enables for 16-bit port (B16M = 0) are as follows: 



WEO = R/W + AS + AO 



WE1 = R/W + AS + (AO * SIZO * SIZ1 ) 
These signals have the same timing as AS. The equations are valid only for a 16-bit port. 



WEX signals are not shown in th e diagrams in this section. Use AS timing instead during 
write cycles. The particular WEX signals that are active in a given bus cycles depend on 
which bytes are being written. 

4.1.9 Bus Cycle Termination Signals 

The following signals can terminate a bus cycle. 

4.1.9.1 DATA TRANSFER AND SIZE A CKNOWL EDGE (DSACK 1 AND DSACKO). 

During bus cycles, external devices assert DSACK1 and/or DSACKO as part of the bus 
protocol. During a read cycle, this signals the QUICC to terminate the bus cycle and to 
latch the data. During a write cycle, this indicates that the external device has successfully 
stored the data and that the cycle may terminate. These signals also Indicate to the 
QUICC the size of the port for the bus cycle just co mpleted (s ee Table 4-3). Refer to 4.3.1 
Read Cycle for timing relationships of DSACKl and DSACKO. 

MOTOROLA MC68360 USER'S MANUAL 4-5 



Additiona lly, the sy ste m integrati on module (SIM60) can be programmed to internally 
generate DSACK1 and DSACKO for external accesses, eliminating logic required to 
generate these signals. The SIM60 can alternatively be programmed to generate a fast 
termination, providing a two-cycle external access. Refer to 4.2.6 Fast-Termination 
Cycles for additional information on these cycles. 




4.1 .9.2 BUS ERROR (BER R). This s ignal is also a bus cycle terminatio n Indic ator and can 
be used in the absence of DSACKx to indicate a bus error condition. BERR can also be 
asserted in conjunction with DSACKx to indicate a bus error condition, provided it meets 
the appropriate timing desc ribed in th is se ction and in Section 10 Electrical 
Characteristics. Additionally, BERR and HALT can be asserted together to indicate a 
retry termination. Refer to 4.5 Bus Exception Control Cycles for additional information 
on the use of these signals. 

See the memory controller des cription in Section 6 System Integration Module (Sll\/I60) 

for precautions about asserting BERR externally too early during DRAM and SRAM cycles 
controlled by the memory controller. 



The internal bus monitor can be used to generate the BERR signal for internal and 
external transfers in all the following descriptions. 



4.1.9.3 AUTOVECTOR (AVEC). This signal can be used to terminate interrupt 
acknowledge cycles, indicating that the QUICC should intern ally generate a vector 
(autovector) number to locate an interrupt handler routine. AVEC can be generated either 
externally or internally by the SI M60 (re fer to Section 6 System Integration Module 
(SIM60) for additional information). AVEC is ignored during all other bus cycles. 

4.2 DATA TRANSFER MECHANISI\1 

The QUICC supports byte, word, and long-word operands, allowing access to 8-, 16-, and 
32-bit da ta ports through the use of asynchronous cycles controlled by DSACK1 and 
DSACKO. The QUICC also supports byte, word, and long-word operands, allowing access 
to 8-, 16, and 32-bit data ports through the use of synchronous cycles controlled by the 
fast-termination capability of the SIM60. 

4.2.1 Dynamic Bus Sizing 

The QUICC dynamically interprets the port size of the addressed device during each bus 
cycle, allowing operand transfers to or from 8-, 16-, and 32-bit ports. During an operand 
transfer cycle, the slave device signals its port size (byte, word, or long wor d) and 
indicates completion of the bus cycle to the QUICC through the use of the DSACKx Inputs. 
Refer to Table 4-2 for DSACKx encoding. 
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Table 4-2. DSACKx Encoding 







Result 


DSACKi 


DSACK6 


1 


1 


Insert Wait States in Current Bus Cycle 


1 





Complete Cycle — Data Bus Port Size is 8 Bits 





1 


Complete Cycle— Data Bus Port Size is 16 Bits 








Complete Cycle — Data Bus Port Size is 32 Bits 



For example, If the QUICC Is executing an instruction tliat reads a long-word operand 
from a long-word aligned address, it attempts to read 32 bits during the first bus cycle. 
(Refer to 4.2.2 Misaligned Operands for the case of a word or byte address.) If the port 
responds that It Is 32 bits wide, the QUICC latches all 32 bits of data and continues with 
the next operation. If the port responds that it is 16 bits wide, the QUICC latches the 16 
bits of valid data and runs another bus cycle to obtain the other 16 bits. The operation for 
an 8-bit port Is similar, but requires four read cycles. The addressed device uses the 
DSACKx signals to Indicate the port width. For instance, a 32-bit device always returns 
DSACKx for a 32-bit port (regardless of whether the bus cycle is a byte, word, or long- 
word operation). 

Dynamic bus sizing requires that the portion of the data bus used for a transfer to or from 
a particular port size be fixed. A 32-bit port must reside on data bus bits 0-31 , a 16-bit port 
must reside on data bus bits 16-32, and an 8-bit port must reside on data bus bits 24-31 . 
This requirement minimizes the number of bus cycles needed to transfer data to 8- and 
16-bit ports and ensures that the QUICC correctly transfers valid data. The QUICC always 
attempts to transfer the maximum amount of data on ail bus cycles; for a long-word 
operation. It always assumes that the port is 32 bit wide when beginning the bus cycle. 

The bytes of operands are designated as shown in Figure 4-2. The most significant byte of 
a long-word operand is OPO, and OP3 is the least significant byte. The two bytes of a 
word-length operand are 0P2 (most significant) and 0P3. The single byte of a byte-length 
operand is 0P3. These designations are used in the figures and descriptions that follow. 




LONG-WORD OPERAND 



OPO 


0P1 


0P2 


0P3 



WORD OPERAND 



0P2 


0P3 



BYTE OPERAND 0P3 



Figure 4-2. Internal Operand Representation 

Figure 4-3 shows the required organization of data ports on the QUICC bus for 8, 16, and 
32-bit devices. The four bytes shown are connected through the Internal data bus and 
data multiplexer to the external data bus. This path is the means through which the 
QUICC supports dynamic bus sizing and operand misalignment. Refer to 4.2.2 
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Misaligned Operands for the definition of misaiigned operand. Tiie data multipiexer 
establisiies tiie necessary connections for different combinations of address and data 
sizes. 
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xxxxxxxxO 
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^ 
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xxxxxxxxO 
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8-BIT PORT 




1 


BYTE1 




2 


BYTE 2 




3 


BYTE 3 





Figure 4-3. QUICC Interface to Various Port Sizes 

Tiie multiplexer takes the four bytes of the 32-bit bus and routes them to their required 
positions. For example, OPO can be routed to D24-D31 , as would be the normal case, or 
it can be routed to any other byte position to support a misaligned transfer. The same is 
true for any of the operand bytes. The positioning of bytes is determined by the size and 
address outputs. 

The SIZO and SIZ1 outputs indicate the remaining number of bytes to be transferred 
during the current bus cycle (see Table 4-3). 

Table 4-3. SIZx Encoding 



SIZ1 


SIZO 


Size 





1 


Byte 


1 





Word 


1 


1 


3 Bytes 








Long Word 
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The number of bytes transferred during a write or read bus cycle is equal to or less than 
the size indicated by the SIZx outputs, depending on port width and operand alignment. 
For example, during the first bus cycle of a long-word transfer to a word port, the SIZx 
outputs indicate that four bytes are to be transferred, although only two bytes are moved 
on that bus cycle. 

AO and A1 also affect operation of the data multiplexer. During an operand transfer, A2- 
A31 indicate the long-word base address of that portion of the operand to be accessed; 
AO and A1 indicate the byte offset from the base. Table 4-4 lists the encoding of AO and 
A1 and the corresponding byte offset from the long-word base. 

Table 4-4. Address Offset Encoding 




A1 


AO 


Offset 








+OByte 





1 


+1 Byte 


1 





+2 Bytes 


1 


1 


+3 Bytes 



Table 4-5 lists the bytes required on the data bus for read cycles. The entries shown as 
OPx are portions of the requested operand that are read during that bus cycle and are 
defined by SIZO, SIZ1 , AO, and A1 for the bus cycle. Bytes labeled.x are "don't cares" and 
are not required during that read cycle. 
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Table 4-5. 


Data Bus Requirements for Read Cycles 




Transfer 
Size 


Size 


Address 


Long-Word Port 
Externai Data Bytes Required 


Word Port 

External Data 

Bytes Required 


Byte Port 

External Data 

Bytes Required 




SIZ1 


SIZO 


A1 


AO 


D31:D24 


D23:D16 


D15:D8 


D7:D0 


DS1:D24 


023:016 


031:024 


Byte 





1 








OPS 


X 


X 


X 


OPS 


X 


OPS 







1 







X 


OPS 


X 


X 


X 


OPS 


OPS 







1 







X 


X 


OPS 


X 


OPS 


X 


OPS 







1 






X 


X 


X 


OPS 


X 


OPS 


OPS 


Word 













OP2 


OPS 


X 


X 


0P2 


OPS 


0P2 














X 


0P2 


OPS 


X 


X 


0P2 


OP2 














X 


X 


0P2 


OPS 


0P2 


OPS 


0P2 













X 


X 


X 


0P2 


X 


OP2 


0P2 


3 Bytes 




1 








OP1 


0P2 


OPS 


X 


0P1 


OP2 


OP1 






1 







X 


OP1 


0P2 


OPS 


X 


OP1 


OP1 






1 







X 


X 


0P1 


OP2 


OP1 


OP2 


OP1 






1 






X 


X 


X 


0P1 


X 


OP1 


OP1 


Long 
Word 














OPO 


OP1 


0P2 


OPS 


OPO 


OP1 


OPO 















X 


OPO 


OP1 


OP2 


X 


OPO 


OPO 















X 


X 


OPO 


0P1 


OPO 


OP1 


OPO 














X 


X 


X 


OPO 


X 


OPO 


OPO 



Table 4-6 lists the combinations of SIZO, SIZ1 , AO, and A1 and the corresponding pattern 
of the data transfer for write cycles from the internal multiplexer of the QUICC to the 
external data bus. Bytes labeled x are "don't care." 

Figure 4-4 shows the transfer of a long-word operand to a word port. In the first bus cycle, 
the QUICC places the four operand bytes on the external bus. Since the address is long- 
word aligned in this example, the multiplexer follows the pattern in the entry of Table 4-6 
corresponding to SIZO , SIZ1 , AO , A1 = 000 0. The port latches the data on bits D16-D31 of 
the data bus, asserts DSACK1 (DSACKO remains negated), and the QUICC terminates 
the bus cycle. It then starts a new bus cycle with SIZO, SIZ1 , AO, A1 = 1010 to transfer the 
remaining 16 bits. SIZO and SIZ1 indicate that a word remains to be transferred; AO and 
A1 indicate that the word corresponds to an offset of two from the base address. The 
multiplexer follows the pattern corresponding to this configuration of the size and address 
signals and places the two least significant bytes of the long word on the word portion of 
the bus (D16-D31). The bus cycle transfers the remaining bytes to the word-size port. 
Figure 4-5 shows the timing of the bus transfer signals for this operation. 
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Table 4-6. QUICC Internal to External Data Bus Multiplexer— Write Cycle 


Transfer Size 


Size 


Address 


External Data Bus Connection 




SIZ1 


SIZO 


A1 


AO 


D31:D24 


D23:D16 


015:08 


D7:D0 


Byte 





1 








OPS 


X 


X 


X 







1 







OPS 


OPS 


X 


X 







1 


1 





OPS 


X 


0P3 


X 







1 


1 




OP3 


0P3 


X 


OP3 


Word 













OP2 


0P3 


X 


X 














OP2 


0P2 


OP3 


X 









1 





0P2 


0P3 


OP2 


OPS 









1 




OP2 


0P2 


X 


OP2 


3 Bytes 




1 








0P1 


0P2 


OPS 


X 






1 







0P1 


0P1 


OP2 


OPS 






1 


1 




0P1 


0P2 


OP1 


OP2 




i 


1 


1 




OP1 


X 


OP2 


OP1 


Long Word 













OPO 


0P1 


0P2 


OPS 















OPO 


OPO 


OP1 


OP2 










1 




OPO 


0P1 


OPO 


OP1 










1 




OPO 


OPO 


X 


OPO 
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Figure 4-4. Example of Long-Word Transfer to Word Port 
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Figure 4-5. Long-Word Operand Write Timing (16-Bit Data Port) 

Figure 4-6 shows a word transfer to an 8-bit bus port. Lil<e tiie preceding example, this 
example requires two bus cycles. Each bus cycle transfers a single byte. The size signals 
for the first cycle specify two bytes; for the second cycle, they specify one byte. Figure 4-7 
shows the associated bus transfer signal timing. 



4-12 



MC68360 USER'S MANUAL 



MOTOROLA 



15 




WORD OPERAND 







MC68360 






0P2 


0P3 






D31 DATA BUS 024 


















BYTE MEMORY 


MEMORY CONTROL 






SIZ1 
1 




SIZO A1 



1 


AO 


1 












DSACK1 DSACKO 






0P2 




H L 




0P3 


H L 




Figure 4-6. Example of Word Transfer to Byte Port 



MOTOROLA 



MC68360 USER'S MANUAL 



4-13 



X 




J 

XL 



\ 



/ 



AS 
DS 



DSACK1 

DSACKO 

D31-D24 

D23-016 

D15-D8 

D7-D0 





\ 




\ / 


r 


\u 




~\ r 



y 



J — V 



J \. 



0P2 



} — c 



0P3 



0P3 



} — c 



0P3 



0P2 



0P3 



5 — C 
3 — C 



0P3 



0P3 



• BYTE WRITE ■ 



■BYTE WRITE - 



WORDOPERANDWRITE- 



Figure 4-7. Word Operand Write Timing (8-Bit Data Port) 

4.2.2 Misaligned Operands 

Since operands may reside at any byte boundaries, tliey may be misaligned. A byte 
operand is properly aligned at any address; a word operand is misaligned at an odd 
address; a long word is misaligned at an address that is not evenly divisible by four. The 
MC68302, l\/iC68000/MC68008, l\/IC68010, and MC68340 implementations allow long- 
word transfers on odd-word boundaries but force exceptions if word or long-word operand 
transfers are attempted at odd-byte addresses. Although the QUICC does not enforce any 
alignment restrictions for data operands (including PC relative data addresses), some 
performance degradation occurs when additional bus cycles are required for long-word or 
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word operands that are misaligned. For maximum performance, data items should be 
aligned on their natural boundaries. All instruction words and extension words must reside 
on word boundaries. Attempting to prefetch an instruction word at an odd address causes 
an address error exception. 

Figure 4-8 shows the transfer of a long-word operand to an odd address in word- 
organized memory, which requires three bus cycles. For the first cycle, the SIZx signals 
specify a long-word transfer, and the address offset (A2-A0) is 001 . Since the port width is 
16 bits, only the first byte of the long word is transferred. The slave device latches the byte 
and acknowledges the data transfer, Indicating that the port is 1 6 bits wide. When the 
processor starts the second cycle, the SIZx signals specify that three bytes remain to be 
transferred with an address offset (A2-A0) of 010. The next two bytes are transferred 
during this cycle. The processor then initiates the third cycle, with the SIZx signals 
indicating one byte remaining to be transferred. The address offset (A2-A0) is now 100; 
the port latches the final byte, and the operation is complete. Figure 4-9 shows the 
associated bus transfer signal timing. 
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Figure 4-8. Misaligned Long-Word Transfer to Word Port Example 
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Figure 4-9. Misaligned Long-Word Transfer to Word Port Timing 
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Figures 4-10 and 4-11 show a word transfer to an odd address in word-organized 
memory. This example is similar to the one shown in Figures 4-8 and 4-9 except that the 
operand is word sized and the transfer requires only two bus cycles. 
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Figure 4-10. Misaligned Word Transfer to Word Port Example 
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Figure 4-11. Misaligned Word Transfer to Word Port Timing 



4-18 



MC68360 USER'S MANUAL 



MOTOROLA 



Figures 4-12 and 4-13 show an example of a long-word transfer to an odd address in 
long-word-organized memory. In this example, a long-word access is attempted beginning 
at the least significant byte of a long-word-organized memory. Only one byte can be 
transferred in the first bus cycle. The second bus cycle then consists of a three-byte 
access to a long-word boundary. Since the memory is long-word organized, no further bus 
cycles are necessary. 
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Figure 4-12. Misaligned Long-Word Transfer to Long-Word Port Example 
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Figure 4-13. Misaligned Long-Word Transfer to Long-Word Port Timing 

4.2.3 Effects of Dynamic Bus Sizing and Operand IVIisalignment 

The combination of operand size, operand alignment, and port size determines tlie 
number of bus cycles required to perform a particular memory access. Table 4-7 lists the 
number of bus cycles required for different operand sizes to different port sizes with all 
possible alignment conditions for write cycles and read cycles. 
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Table 4-7. Memory Alignment and Port Size Influence 
on Write Bus Cycles 



A1-A0 


Number of Bus Cycles 


00 


01 


10 


11 


Instruction"' 


1:2:4 


N/A 


N/A 


N/A 


Byte Operand 


1:1:1 


1:1:1 


1:1:1 


1:1:1 


Word Operand 


1:1:2 


1:2:2 


1:1:2 


2:2:2 


Long-Word Operand 


1:2:4 


2:3:4 


2:2:4 


2:3:4 



Notes: 

1 . Data Port Size — 32 Bits: 16 Bits:8 Bits 

2. Instruction reads can be either two words from an even-word 
boundary or one word from an odd-word boundary. 

This table verifies tliat bus cycle tiirougiiput is significantly affected by port size and 
alignment. Tiie QUICC system designer and programmer should be aware of and account 
for these effects, particularly in time-critical applications. 

If the required instruction begins at an even-word boundary, the processor prefetches a 
long word (up to two instructions) by reading a long word from a long-word address (A1- 
AO = 00), regardless of port size. When the required instruction begins at an odd-word 
boundary, the processor reads 16-bits only, from the odd-word boundary. Refer to 
Section 5 CPU32+ for a complete description of the pipeline operation. 



4.2.4 Bus Operation 

The QUICC bus is asynchronous, allowing external devices connected to the bus to 
operate at clock frequencies dif ferent from the clock for the QUI CC. Bu s operation uses 
the handshake lines (AS, DS, DSACK1, DSACKO, BERR, and HALT) to control data 
transfers. AS signals a valid address on the address bus, and DS is used as a condition 
for valid data on a write cycle. Decoding the SIZx outputs and lower address lines (A1-A0) 
provides strobes that select the active portion of the data bus. The slave device (memory 
or peripheral) responds by placing the requested data on the correct portion of the data 
bus for a read cy cle or by latching the data on a write cycle; the slave asserts the 
DSACK1 /DSACKO combination that corresponds to the port size to terminate the cycle. 



Alternatively, the SIM60 can be programmed to assert the DSACK1/DSACK0 combination 
internally and respond for the sla ve. If no sl ave r espond s or the access is invalid, external 
control logic may ass ert BERR or BERR with HALT to abort or retry the bus cycle, 
respectively. DSACKx can be asserte d before t he data from a slave device Is valid on a 
read cycle. The length of time that DSACKx may precede data must not exceed a 
specified value in any asynchronous system to ensure that valid data is latched into the 
QUICC. (See Section 10 Electrical Characteristics for timing parameters.) 

Note tha t no maximum time is specified from the assertion of AS to the assertion of 
DSACKx. Although the QUICC can tran sfer data in a minimum of three clock cycles when 
the cycle is ter minated w ith DSACKx, th e QUIC C inserts wait cycles in clock-period 
increments until DSACKx is recognized. BERR and/or HALT can be asserted after 
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DSACKx is asserted. BERR and/or HALT must be asserted within the time specified after 
DSACKx is asserted in any asynchronous system. If this maximum delay time is violated, 
the QUICC may exhibit erratic behavior. 



4.2.5 Synchronous Operation with DSACKx 




Although cycle s termina ted with DSACKx are classified as asynchronous, cycles 
terminated with DSACKx can also operate synchronously in that signals are interpreted 
relative to clock edges. The devices that use these cycles must synchronize the response 
to th e QUICC clock (CLK01) to be synchronous. Since the devices terminate bus cycles 
with DSACKx, the dynamic bus sizing capabilities of the QUICC are available. The 
minimum cycle time for the se cycles is also three clocks. To support systems that use the 
system clock to generate DSACKx and other asynchronous inputs, the asynchronous 
input setup time and the asynchronous input hold time are give n. If the s etup and hold 
times are met for the assertion or negation of a signal, such as DSACKx, the QUICC is 
guaranteed to rec ognize tha t signal level on that specific falling edge of the system clock. 
If the assertion of DSACKx is recognized on a particular falling edge of the clock, valid 
data is latched into the QUICC (for a read cycle) on the next falling clock edge if the data 
meets the data setup time. In this case, the parameter for asynchronous operation can be 
ignored. The timing parameters are described in Section 10 Electrical Characteristics. 



If a system asserts DSACKx for the required window aro und the falling edge of S2 and 
obeys the proper bus protocol by maintaining DSACKx (and/or BERR/HALT) until and 
throughout the clock edge that negates AS (with the appropriate asynchronous input hold 
time), no wait st ates are in serted. The bus cycle runs at its maxim um speed for b us cyc les 
terminated wit h DSACKx (thre e clo cks pe r cycle). When BERR (or BERR and HALT) is 
asserted after DSACKx, BERR (and HALT) must meet the appropriate setup time prior to 
the falling clock edge one clock cycle after DSACKx is recognized. This setup time is 
critical, and the QUICC may exhibit erratic behavior if it is violated. When operating 
synchronously, the data-in setup and hold times for synchronous cycles may be used 
instead of the timing requirements for data relative to DS. 

4.2.6 Fast Termination Cycles 

With an external device that has a fast access time, the memory controller circuits can 
provide a two-clock external bus transfer. Since the memory controller circuits are driven 
from the system clock, the bus cycle termination Is inherently synchronized with the 
system clock. Refer to Section 6 System Integration Module (SIM60) for more 
information on chip selects and the DRAM controller. To use the fast termination (cycle 
length is two clocks) option, an external device should be fast enough to have d ata ready, 
within the specified setup time, by the falling edge of S4. Figure 4-14 shows the DSACKx 
timing for a read with two wait states, followed by a fast termination read and write. 
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* DSACKx only internally asserted for fast termination cycles. 

Figure 4-14. Fast Termination Timing 

NOTES 

When using the fast termination option (cycle length is two 
clocks), DS Is asserted only in a read cycle, not In a write 
cycle. 



DSACKx is only internally asserted for fast termination cycles. 



4.3 DATA TRANSFER CYCLES 

The transfer of data between the QUICC and other devices involves the following signals: 

• Address Bus A31-A0 

• Data Bus D31 -DO 

• Control Signals 

The address and data buses are both parallel, nonmultiplexed buses. The bus master 
moves data on the bus by issuing control signals, and the bus uses a handshake protocol 
to ensure correct movement of the data. In all bus cycles, the bus master is responsible 
for deskewing all signals it issues at both the start and end of the cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and data signals from the slave 
devices. The following paragraphs define read, write, and read-modify-write cycle 
operations. Each bus cycle is defined as a succession of states that apply to the bus 
operation. These states are different from the QUICC states described for the CPU32+. 
The clock cycles used in the descriptions and timing diagrams of data transfer cycles are 
independent of the clock frequency. Bus operations are described in terms of external bus 
states. 
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4.3.1 Read Cycle 

During a read cycle, the QUICC receives data from a memory or peripheral device. If the 
instruction specifies a long-word operation, the QUICC attempts to read four bytes at 
once. For a word operation, the QUICC attempts to read two bytes at once. For a byte 
operation, the QUICC reads one byte. The section of the data bus from which each byte is 
read depends on the operand size, address signals (A1, AO), and the port size. Refer to 
4.2.1 Dynamic Bus Sizing and 4.2.2 l\/lisaligned Operands for more information. 

Figure 4-15 shows a long-word read cycle flowchart and Figure 4-16 illustrates a byte read 
cycle flowchart. Figures 4-17 and 4-18 show functional read cycles timing diagrams 
specified in terms of clock periods. 



BUS MASTER 


SLAVE 


ADDRESS DEVICE 




1) SET RMTO READ 

2) DRIVE ADDRESS ON A31-A0 

3) DRIVE FUNCTION CODE ON FC3-FC0 

4) DRIVE SIZx PINS FOR FOUR BTYES 

5) ARSFRTAS, OEANDDS 








PRESENT DATA 








1) DECODE ADDRESS 

2) PUCE DATA ON D31-D0 

3) DRIVE DSACKx SIGNALS 


ACQUIRE DATA 






1) UTCH DATA 

2) NEGATE AS, OEANDDS 








TERMINATE CYCLE 
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^ 




1) REMOVE DATA FROM D31-D0 

2) NEGATE DSACKx 


START NEXT CYCLE 













Figure 4-15. Long-Word Read Cycle Flowchart 
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ADDRESS DEVICE 




1) SET R/WTO READ 

2) DRIVE ADDRESS ON A31-A0 

3) DRIVE FUNCTION CODE ON FC3-FC0 

4) DRIVE SIZE (SIZ1-SIZ0) (ONE BYTE) 

5) ASSERT AS, DS, AND OE 








PRESENT DATA 




1) DECODE ADDRESS 

2) PLACE DATA ON D31-D24, OR 023-16, OR 
D15-D8, OR D7-D0. 
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1) LATCH DATA 
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TERMINATE CYCLE 
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1) REMOVE DATA FROM D31-D0 

2) NEGATE DSACKx 


START NEXT CYCLE 






Figure 4-16. Byte Read Cycle Flowchart 
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Figure 4-17. Byte and Word Read Cycles— 32-Bit Port Timing 
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Figure 4-18. Long-Word Read— 16-Bit and 32-Bit Port Timing 

State — The read cycle starts in state (SO). During SO, the QUICC places a valid 
address on,A31-A0 and valid function codes on FC3-FC0. The function codes select the 
address space for the cycle. The QUICC drives FVw high for a read cycle. SIZ1 and SIZO 
become valid, indicating the number of bytes requested for transfer. 
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State 1 — One-half clock later, In state 1 (S1), the QUICC asserts AS indicating a valid 
address on the address bus. The QUICC also asserts DS and OE during 81 . The selected 
device uses R/W, SIZ1 or SIZO, AO, A1 , DS, and OE to place its information on the data 
bus. Any or all of the bytes (D31-D24, D23-D16, D15-D8, and D7-D0) a re selected by 
SIZ1 , SIZO, A1 , and AO. Concurrently, the selected device asserts DSACKx. 



State 2— As long as at least one of the DSACKx signals is recognized on the falling edge 
of S2 (meeting the asynchronous input setup time requirement), data is latched on the 
falling edge of S4, and the cycle terminates. 




State 3— If DSACKx is not recognized by the start of state 3 (S3), the QUICC inserts wait 
state s instead of p roceeding to states 4 and 5. To ensure that wait states are inserted, 
both DSACK1 and DSACKO must remain negated throughout the asynchronous Input 
setup and hold time s around the end of S2. If wait states are added, the QUICC continues 
to sample DSACKx on the falling edges of the clock until one is recognized. 

State 4 — At the fa lling edge of state 4 (S4), the QUICC latches the incoming data and 
samples DSACKx to get the port size. 

State 5— The QUICC negates AS, DS, and OE during state 5 (S5). It holds the address 
valid during S5 to provide address hold time for memory systems. R/W, SIZ1 , SIZO, and 
FC3-FC also remain valid throughout S5. The external device keeps its data and 
DSACKx signals asserted until It detects the negation of AS, DS, or O E (whichever it 
detects first). The device must remove its data and nega te DSACKx w ithin approximately 
one clock period after sensing the negation of AS, DS, or OE. DSACKx signals that remain 
asserted beyond this limit may be prematurely detected for the next bus cycle. 
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4.3.2 Write Cycle 

During a write cycle, tlie QiJICC transfers data to memory or a periplieral device. Figure 
4-19 is a flowchart of a write cycle operation for a long-word transfer. Figure 4-20 shows 
the functional write cycle timing diagram specified in clock periods for two write cycles 
(between two read cycles with no idle time) for a 32-bit port. 
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ADDRESS DEVICE 
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5) ASSERT ADDRESS STROBE (AS) AND WEx 

6) DRIVE DATA UNESD31-D0 

7) ASSERT DATA STROBE (DS) 








PRESENT DATA 




1) DECODE ADDRESS 
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Figure 4-19. Write Cycie Fiowchart 
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Figure 4-20. Read-Write-Read Cycles— 32-Bit Port 

State — The write cycle starts in SO. During SO, the QUiCC places a valid address on 
A31-A0 and valid function codes on FCS^^FCO. The function codes select the address 
space for the cycle. The QUICC drives R/W low for a write cycle. SIZ1 and SIZO become 
valid, indicating the number of bytes to be transferred. 

State 1— One-half clock later during S1, the QUICC asserts AS, indicating a v alid address 
on th e address bus. During this state, any or all_of^the byte write enables (WEO, WE1, 
WE2, and WES) are asserted simultaneously with AS. 

State 2— During S2, the QUICC places the data to be written onto D31-D0 and samples 
DSACKx at the end of S2. 
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state 3 — ^The QUICC asserts PS during S3, indicating that data is stable on the data bus. 
As long as at least one of the DSACKx signals is recognized by the end of S2 (meeting 
the async hronous input setup time requirement), the cycle terminates one clock later. If 
DSACKx is not recognized by the start of S3, the QUICC inserts wait st ates instea d of 
proceedin g to S4 and S5. To ensure that wait states are Inserted, both DSACK1 and 
DSACKO must remain negated throughout the asynchronous Input setup and h old times 
around the end of S2. if wait states are added, the QUICC continues to sample DSACKx 
on the falling edges of the_clock until one Is recognized. The selected device uses the four 
write enables lines or FVW, SiZ1, SIZO, A1, and AO to latch data f rom t h e app ropriate 
byte(s) of the data bus (D31-D24, D23-D16, D15-D8, and D7-D0). WE3-WE0 or SIZ1, 
SIZO, A 1 , and AO select the bytes of the data bus. If it has not already done so, the device 
asserts DSACKx to signal that it has successfully stored the data. 

State A — ^The QUICC issues no new control signals during S4. 




State 5— The QUICC negates WE3-WE0, AS, and DS during S5. It holds the address and 
data valid during S5 to provide address hold time for memory systems. R/W, SI Z1 , SIZO, 
and FC3-FC0 also remain valid throughout S5. The external device must keep DSACKx 
asserted unt il it detec ts the negation of AS or DS (whichever it detects first). The device 
must nega t e DSACK x within approximately one clock period after sensing the negation of 
AS or DS. DSACKx signals that remain asserted beyond this limit may be prematurely 
detected for the next bus cycle. 

4.3.3 Read-Modify-Write Cycle 

The read-modify-write cycle performs a read, conditionally modifies the data in the 
arithmetic logic unit, and may write the data out to memory, in the QUICC, this operation 
is indivisible, providing semaphore capabilities for m ultipro cessor systems. During the 
entire read-modify-write sequence, the QUICC asserts RI\/IC to indicate that an indivisible 
operation is occurring. The QUICC does not issue a bus grant (BG) signal in response to 
a bus request (BR) signal during this operation. Figure 4-21 is an example of a functional 
timing diagram of a read-modify-write instruction specified in terms of clock periods. 
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Figure 4-21. Read-Modify-Write Cycle Timing 



State 0— The QUICC asserts RMC in SO to identify a read-modify-write cycle. Tlie QUICC 
places a valid address on A31-A0 and valid function codes on FC3-FC0. The function 
codes select the address space for the operation. SIZ1 and SIZO become valid in SO to 
indicate the operand size. The QUICC drives FVW high for the read cycle. 

State 1— One-half clock later in S1, the QUICC asserts AS, indicating a valid address on 
the address bus. The QUICC also asserts OE and DS during S1 . 

State 2— The selected device uses OE, R/W, SIZ1, SIZO, AO, and DS to place information 
on the data bus. Any of the bytes (D31-D24, D23-D16, D15-D8, and D7-D0) are 
selected by SIZ1, SIZO, A1, and AO. Concurrently, the selected device may assert 
DSACKx. 



State 3— As long as at least one of the DSACKx signals is recognized by the end of S2 

/>v<^^*:>«» 4.U;>^ ^>.. ..^^u....^.,.^. ._ :__..x ..X 1.: ~. .'. 1.\ j_x— :_ i — i.-i 1 xi — x 

^iiicc^iiii^ iiic aoyiiv/i II vii«juo iii|jui odu|..> iiiiic ic\.{uiiC/iiic;i iiy, uaia lo laioiicu uii me iicAi 

falling edge of the clock, and the cycle terminates. If DSACKx Is not recognized by the 
start of S3, the QUICC inserts wa it states i nste ad of proc eeding to S4 and S5. To ensure 
that wait states are inserted, both DSACK1 and DSACKO must remain negated throughout 
the asynchronous input setup and hold times around the end of S2. If wait states are 
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added, the QUICC continues to sample DSACKx on the falling edges of the clock until one 
Is recognized. 

State 4 — At the end of S4, the QUICC latches the incoming data. 

State 5 — The QUICC negates OE, AS, and DS during S5. If more than one read cycle is 
required to read in the operand(s), S0-S5 are repeated for each read cycle. When 
finished reading, the QUICC holds the address, R/W, and FC3-FC0 va lid in prep aration 
for the write portion of the cycle. The external device keeps its data and DSACKx signals 
asserted until it detects the negati on of AS o r DS (whichever it detects first). The device 
must remove the data ajid ne gate DSACKx within approximately one clock period after 
sensing the negation of AS or DS. DSACKx signals that remain asserted beyond this limit 
may be prematurely detected for the next portion of the operation. 

Idle States — The QUICC does not assert any new control signals during the idle states, 
but it may Internally begin the modify portion of the cycle_at this time. S0-S5 are omitted if 
no write cycle is required. If a write cycle is required, R/W remains in the read mode until 
SO to prevent bus conflicts with the preceding read portion of the cycle; the data bus is not 
driven until S2. 

State — ^The QUICC drives R/W low for a write cycle. Depending on the write operation to 
be performed, the address lines may change during SO. 

State 1 — In S1, the QUICC asserts AS, indica ting a valid address on the address bus. 
During this state, WEO, WE1 , WE2, and/or WE3 Is asserted simultaneously with AS. 

State 2— During S2, the QUICC places the data to be written onto D31-D0. 

State 3 — ^The QUICC ass erts DS d uring S3, indicating stable data on the data bus. As 
long as at least one of the DSACKx signals is recognized by the end of S2 (meeting the 
asynchro nous input setup time requirement), the cycle terminates one clock later. If 
DSACKx is not recognized by the start of S3, the QUICC inserts wait st ates instea d of 
proceedin g to S4 and S5. To ensure that wait states are inserted, both DSACK1 and 
DSACKO must remain negated throughout the asynchronous input setup and h old times 
around the end of S2. If wait states are added, the QUICC continues to sample D SACK x 
on th e falling edges of the clock until one is recognized. The selected device uses WE3- 
WEO or R/W, DS, SIZ1, SIZO, A1, and AO to latch data fro m the appro priate section(s) of 
the data bus (D24-D31, D16-D23, D8-D15. and D0-D7). WE3-WE0 or SIZ1. SIZO, A1, 
and AO s elect the data bus sections. If it has not already done so, the device asserts 
DSACKx when It has successfully stored the data. 

State A — ^The QUICC issues no new control signals during S4. 




State 5— The QUICC negates WE3-WE0, AS, and DS during S5. It holds the_address and 
data valid during S5 to provide address hold time for memory systems. R/W and FC3- 
FCO also remain valid throughout S5. If more than one write cycle is required, S0-S5 are. 
repeated for each write cycle. The external device keeps DSACKx asserted until it detects 
the negation of AS or DS (whichever it detects first). The device must remove its data and 
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negate DSACKx within approximately one clock period after sensing the negation of AS or 
DS. 




4.4 CPU SPACE CYCLES 

FC2-FC0 select user and supervisor program and data areas. The area selected by 
function code FC3-FC0 = $7 is classified as the CPU space. The breakpoint 
acknowledge, LPSTOP broadcast, module base address register access, and Interrupt 
acknowledge cycles described in the following paragraphs use CPU space. The CPU 
space type, which is encoded on A19-A16 during a CPU space operation, indicates the 
function that the QUICC is performing. On the QUICC, four of the encodings are 
implemented as shown in Figure 4-22. All unused values are reserved by Motorola for 
additional CPU space types. 
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Figure 4-22. CPU Space Address Encoding 

4.4.1 Breakpoint Acknowledge Cycle 

The breakpoint acknowledge cycle allows external hardware to insert an Instruction 
directly into the instruction pipeline as the program executes. The breakpoint acknowledge 
cycle is generat ed by the execution BKPT instruction, the internal breakpoint logic, or the 
assertion of the BKPT pin. The T-bit state (shown in Figure 4-22) differentiates a software 
breakpoint cycle (T = 0) from a hardware breakpoint cycle (T = 1). 

When a software BKPT is executed, the QUICC performs a word read from CPU space, 

tvne n flt an arlrlroee f^r\riraer\nnr\'inn tr\ tha Inraf^i^nn'mt "■■■rihr.'* .'fc!t'5 f?— Gl wf th^ BKPT 

opcode) on A4-A2, and the T-bit (A1) is cleared. If this bus cycle Is terminated with BERR 
(i.e., no instruction word is available), the QUICC then pe rforms illegal Instruction 
exception processing. If the bus cycle is terminated by DSACKx, the QUICC uses the data 
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on the bus to replace the BKPT instruction in the Internal instruction pipeline and then 
begins execution of that instruction. 



When the CPU32+ acknowledges hardware breakpoint (BKPT pin assertion or internal 
breakpoint logic) with background nnode disabled, the CPU32+ performs a word read from 
CPU space, type 0, at an address corresponding t o all on es on A4-A2 (BKPT#7), and the 
T-bit (A1) is set. If this bus cycle is terminated by BERR, the QUIC C perform s hardware 
breakpoint exception processing. If this bus cycle is terminated by DSACKx, the QUICC 
ignores data on the data bus and continues execution of the next instruction. 

NOTE 



The BKPT pin is sampled on the same clock phase as data 
and is latched with data as it enters the CPU32+ pipeline. If 
BKPT is assert ed for only one bus cycle and a pipel ine flu sh 
occurs before BKPT is detect ed by the CPU32+, B KPT is 
ignored. To ensure detection of BKPT by the CPU32+, BKPT 
can be asserted until a breakpoint acknowledge cycle is 
recognized. 

When the QUICC is configured for a 32-bit bus, the CPU32+ 
can fetch t wo instructions simultaneously. Since there is only 
one BKPT pin, the external user cannot break individually on 
those instructions, but rather must break on both, causing the 
BKPT exception to be taken after the first instruction and 
before the second instruction. The internal breakpoint logic, 
however, can individually assert a breakpoint for either 
instruction. (See the BKAR and BKCR discussion in Section 6 
System Integration l\/lodule (SIM60) for details). 

The breakpoint operation flowchart is shown in Figure 4-23. Figures 4-24 and 4-25 show 
the timing diagrams for the breakpoint acknowledge cycle with instruction opcodes 
supplied on the cycle and with an exception signaled, respectively. 



MOTOROLA MC68360 USER'S MANUAL 4-35 



PROCESSOR 



EXTERNAL DEVICE 



BREAKPOINT ACKNOWLEDGE 



IF BREAKPOINT INSTRUCTION EXECUTED: 

1) SET RM TO READ 

2) SET FUNCTION CODE TO CPU SPACE 

3) PLACE CPU SPACE TYPED ON A19-A16 

4) PLACE BREAKPOINT NUMBER ON A4-A2 

5) CLEAR T-BIT(A1) 

6) SETSIZxTOWORD 

7) ASSERT AS AND DS 

IF BKPT PIN OR INTERNAL LOGIC ASSERTED BKPT 
INTERNALLY 

1) SET RW TO READ 

2) SET FUNCTION CODE TO CPU SPACE 

3) PLACE CPU SPACE TYPE ON A19-A16 

4) PUCE ALL ONES ON A4-A2 

5) SETT-BIT(A1)T00NE 

6) SETSIZxTOWORD 

7) ASSERT AS AND DS 



IF BREAK POINT INSTRUCTION EXECUTED AND 
DSACKx IS ASSERTED: 

1) LATCH DATA _ 

2) NEGATE AS AND DS 

3) GO TO (A) 



IF BKPT PIN ASSERTEDAND DSACKx IS ASSERTED: 

1) NEGATE AS AND DS 

2) GO TO (A) 

IFBERRASSERJED: _ 

1) NEGATE AS AND DS 

2) GOTO(B) 



(A) 



(B) 



IF BREAKPOINT INSTRUCTION EXECUTED: 

1) PLACE R EPLACE MENT OPCODE ON DATA BUS 

2) ASSERT DSACKx 

^OR- 

1) ASSERT BERR TO INITIATE EXCEPTION PROCESSING 
IF BKPT PIN A SSERTED : 
1) ASSERT DSACKx 

^OR- 

1) ASSERT BERR TO INITIATE EXCEPTION PROCESSING 



IF BREAKPOINT INSTRUCTION EXECUTED: 

1) PLACE UTCHED DATA IN INSTRUCTION PIPELINE 

2) CONTINUE PROCESSING 
IF BKPT PIN ASSERTED: 

1) CONTINUE PROCESSING 



1) NEGATE DSACKx or BERR 



IF BREAKPOINT INSTRUCTION EXECUTED: 
1) INITIATE ILLEGAL INSTRUCTION PROCESSING 

IF BKPT PIN ASSERTED: 
1) INITIATE HARDWARE BREAKPOINT PROCESSING 



Figure 4-23. Breakpoint Operation Flowchart 
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Figure 4-25. Breakpoint Acknowledge Cycie Timing (Exception Signaled) 



4-38 



MC68360 USER'S MANUAL 



MOTOROLA 



4.4.2 LPSTOP Broadcast Cycle 

The LPSTOP broadcast cycle is generated by the CPU32+ executing the LPSTOP 
instruction. The external bus interface must get a copy of the interrupt mask level from the 
CPU32+, so the CPU32+ performs a CPU space type 3 write with the interrupt masl< level 
(12-10) encoded on bits 2-0 of the data bus, as shown in the following figure. The CPU 
space type 3 cycle waits for the bus to be available, and is shown externally to indicate to 
external devices that the QUICC is going into LPSTOP mode. If an external device 
requires addition al time to prepare for entry in to LPSTO P mode, entry can be delayed by 
asserting HALT. The SIM60 provides internal DSACKx response to this cycle. For more 
information on how the SIM60 responds to LPSTOP mode, see Section 6 System 
Integration Module (SIM60) for details. 




- 


12 


11 


10 



4.4.3 Module Base Address Register (MBAR) Access 

All internal module registers, including the SIM60, occupy a single 8-kbyte block that is 
locatable along 8-kbyte boundaries. The location is fixed by writing the desired base 
address of the SIM60 block to the MBAR using the MOVES instruction. The MBAR is only 
accessible in CPU space at address $0003FF00. The SFC or DFC register must indicate 
CPU space (FC2-FC0 = $7), using the MOVEC instruction, before accessing MBAR. 
Refer to Section 6 System Integration Module (SIM60) for additional information on the 
MBAR. 

4.4.4 Interrupt Acknowledge Bus Cycles 

The CPU32+ makes an interrupt pending in three cases. The first case occurs when a 
peripheral device signals the CPU32+ (with the IRQ7-IRQ1 signals) that the device 
requires service and the internally synchronized value on these signals indicates a higher 
priority than the interrupt mask in the status register. The second case occurs when a 
transition has occurred in the case of a level 7 interrupt. A recognized level 7 interrupt 
must be removed for one clock cycle before a second level 7 can be recognized. The third 
case occurs if, upon returning from servicing a level 7 interrupt, the request level stays at 
7 and the processor mask level changes from 7 to a lower level, a second level 7 is 
recognized. The CPU32+ takes an interrupt exception for a pending interrupt within one 
instruction boundary (after processing any other pending exception with a higher priority). 
The following paragraphs describe the various kinds of interrupt acknowledge bus cycles 
that can be executed as part of interrupt exception processing. 

4.4.4.1 INTERRUPT ACKNOWLEDGE CYCLE— TERMINATED NORMALLY. When the 
CPU32+ processes an interrupt exception, it performs an interrupt acknowledge cycle to 
obtain the number of the vector that contains the starting location of the interrupt service 
routine. Some interrupting devices have programmable vector registers that contain the 
interrupt vectors for the routines they use. The following paragraphs describe the interrupt 
acknowledge cycle for these devices. Other interrupting conditions or devices cannot 
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supply a vector number and use the autovector cycle described in 4.4.4.2 Autovector 
Interrupt Acknowledge Cycle. 

The interrupt acknowledge cycle is a read cycle. It differs from the read cycle described in 
4.3.1 Read Cycle in that it accesses the CPU address space. Specifically, the differences 
are as follows: 

1. FC3-FC0 are set to $7 (FC3/FC2/FC1/FC0 = 01 11) for CPU address space. 

2. A3, A2, and A1 are set to the interrupt request level, and the lACKx strobe 
corresponding to the curre nt interr upt level is asserted. (Either the function codes 
and address signals or the lACKx strobes can be monitored to determine that an 
interrupt acknowledge cycle is in progress and the current interrupt level.) 

3. The CPU32+ space type field (A1 9-A1 6) is set to $F (interrupt acknowledge). 

4. Other address signals (A31-A20, A15-A4, and AO) are set to one. 



The responding device places the vector number on the data bus during th e interrupt 
acknowledge cycle. Beyond this, the cycle is terminated normally with DSACKx. 

Figure 4-26 Is a flowchart of the interrupt acknowledg e cycle; Figure 4-27 shows the 
timing for an interrupt acknowledge cycle terminated with DSACKx. 



INTERRUPTING DEVICE 



QUICC 



REQUEST INTERRUPT 




GRANT INTERRUPT 








1) SYNCHRONIZE IRQ7-IRQ1 

2) COMPARE IRQ7-IRQ1 TO MASK LEVEL AND 
WAIT FOR INSTRUCTION TO COMPLETE 

3) ASSERT BCLRO 

4) PUCE INTERRUPT LEVEL ON A1-A3; 
TYPE FIELD (A19-A16) = $F 

5) SET R/W TO READ 
6)SETFC3-FC0TO0111 

7) DRIVE SIZx PINS TO INDICATE A ONE-BYTE 
TRANSFER 

8) NEGATE BCLRO 

9) ASSERT AS, DS, AND OE 


PROVIDE VECTOR NUMBER 






1) PLACE VECTOR NUMBER ON LEAST SIGNIFICANT 
BYTE OF DATA PORT (DEPENDS ON 
PORT SIZE) 






2) ASSERT DSACKx (OR AVEC IF NO VECTOR 
NUMBER) 




ACQUIRE VECTOR NUMBER 








1) LATCH VECTOR NUMBER 

2) NEGATE AS, DS, AND OE 


RELEASE 








. 




1) NEGATE DSACKx 




1 

START NEXT CYCLE 





Figure 4-26. Interrupt Acknowledge Cycle Flowchart 



4-40 



MC68360 USER'S MANUAL 



MOTOROLA 



CLK01 



A31-M 



A3-A1 



AO 



FC3-FC0 



SIZO 



SIZ1 



R/W 



AS 



OS 



DSACKx 



D23-D16 



D31-D24 



IRQ7-IRQ1 



IACK7-IACK1 





SO 


S2 


S4 


so_ 


0-2 CLOCKS* 


SI S2 S4 


SO 


S2 

1 




\ 






X 






/ 






\ 


















X 






X 


INTERRUPT LEVEL ^^ 


X 


















\ 






X 






/ 






















X 






X 


CPU SPACE '' 


X 
















k. 








X 






/ 
\ 




1BYTE 


\ 


















X 






/ 
















1 

k 


\ 






J 
\ 
\ 




/ 






y 
















\ f^ 


\ 








/ 










\ r^ 




\ 












/ 


\ 




/ 


VECTOR Ff 


OM 16-BIT PORT 

/ \y^ 




\ 






( ) 

1 \ 
\ / 




< 
< 










VECTOR f 


\ 1^ 

ROM 8-BIT PORT 

/ -\h 














\ n 






\ 










//;a 


u 
















^ 






-< 


•READ- 
CYCLE 


>► 




<<-INTERNAL^> 
ARBITRATION 

1 


ACK CYCLE >- 


*-\ 


RITE 
FACK 



' Internal arbitration may take between 0-2 clock cycles. 



Figure 4-27. Interrupt Acknowledge Cycle Timing 
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4.4.4.2 AUTOVECTOR INTERRUPT ACKNOWLEDGE CYCLE. When the interrupting 
device cannot supply a vector number, it requests an automatically generat ed vector 
(autovector). Inste ad of p lacing a vector number on the data bus and asserting DSACKx, 
the device asserts AVEC to terminate the cycle. The DSACKx signals may not be asserted 
during an Interrupt acknowledge cycle terminated by AVEC. The vector number supplied 
in a n autov ector operation is derived fro m the inte rrupt level of the current interrupt. When 
the AVEC signal is asserted instead of DSACKx during an interrupt acknowledge cycle, 
the QUICC ignores the state of the data bus and internally generates the vector number 
(the sum of the interrupt level plus 24 ($18)). 



AVEC is multiplexed with IAC K5. The AVEC bit In the port E pin assignment register 
(PEPA R) controls whether the AVEC/IACK5 pin is used as an autovector input or as 
IACK5 (see Section 6 System Integration l\/lodule (SliVieO) for additional information). 
AVEC is only sampled during an int errupt acknowledge cycle; during all other cycles, 
AVEC is Ignored. Additionally, AVEC can be internally generated for external devices by 
programming the autovector register (note that in this case it is not being asserted 
externally). Seven distinct aut ovectors can be used, corresponding to the seven levels of 
interrupt available with signals IRQ7-IRQ1. Figure 4-28 shows the timing for an autovector 
operation. 
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Figure 4-28. Autovector Operation Timing 

4.4.4.3 SPURIOUS INTERRUPT CYCLE. Requested interrupts, whetiier internal or 
external, are arbitrated internally. When no internal module (including the SIM60, which 
responds for external requests) responds during an interrupt acknowledge cycle by 
arbitrating for the interrupt acl<nowIedge cycle internally, the spurious interrupt monitor 
generates an internal bus error signal to terminate the vector acquisition. The QUICC 
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automatically generates the spurious interrupt vector number, 24, instead of tlie Interrupt 
vector number in this c ase. W h en an ext ernal device does not res pond t o an Interrupt 
acknowledge cycle with AVEC or DSACKx, a bus moni tor mu st assert BERR, which results 
in the CPU32+ taking the spurious interrupt vector. If HALT is also asserted, the QUICC 
retries the Interrupt acknowledge cycle instead of using the spurious interrupt vector. 

4.5 BUS EXCEPTION CONTROL CYCLES 




The bus architecture requires a ssertion o f D SACKx from an external device to signal that 
a bus cycle is complete. Neither DSACKx nor AVEC is asserted In the following cases: 

1 . DSACKx in fast-termination cycles. 

2. AVEC when programmed to respond internally. 

3. The external device does not respond. 

4. Various other application-dependent errors occur. 



The QUICC provides BERR when no device responds by asserting DSACKx/AVEC within 
an appropriate period of time after the QUICC asserts AS. This mechanism allows the 
cycle to terminate and the QUICC to enter exception processing for the error condition. 
HALT is also used for bus exception control. This signal can be asserted by an external 
device for debugging purposes to cause single bus cycle operation or, in combination with 
BERR, a retry of a bus cycle i n error. To prope rty c ontrol t ermination of a bus cycle for a 
retry or a bus error condition, DSACKx, BERR, and HALT can be asserted and negated 
with the rising edge of the QUICC clock. This assures that when two signals are asserted 
simultaneously, the required setup and hold time for both is met for the same falling edge 
of the QUICC clock. This or an equivalent precaution should be designed Into the external 
circuitry to provide these signals. Alternatively, the internal bus monitor could be used. 
The acce ptable bu s cycle terminations for asynchronous cycles are summarized In 
relation to DSACKx assertion as follows (case numbers refer to Table 4-8): 

1 . Normal Termination: DSACKx is asserted; BERR and HALT remain negated 
(case 1). 



2. Halt Termination: HALT is asserted at the same time or before DSACKx, and BERR 
remains negated (case 2). 

3. Bus Erro r Termination: B ERR is as serted in lieu of, at th e same time, or b efore 
DSACKx (case 3) or after DSACK x (case 4) , and HALT remains negated; BERR is 
negated at the same time or after DSACKx. 

4. Retry Terminatio n: HALT and BE RR are a sserted in lieu of . at the same time, or 
before DSA CKx (case 5) o r after DSACKx (case 6); BERR is negated at the same 
time or after DSACKx, and HALT may be negated at the same time or after BERR. 

Table 4-8 shows various combinations of control sig nal seq uen ces an d the resulting bus 
cycle terminations. To ensure prediciabie operation, BERR and HALT s hould be negaieu 
acc ording to the specifications In Secti on 10 Elec tr ical Ch aracteristics. DSACKx, BERR, 
and HALT may be negated after AS. If DSACKx or BERR remain asserted Into S2 of the 
next bus cycle, that cycle may be terminated prematurely. 
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EXAMPLE A: A system uses a bu s moni tor timer to terminate accesses to an unpopulated 
address space. The timer asserts BERR after timeout (case 3). 

EXAMPLE B: A system uses error detection and correction on RAM contents. The 
designer may: 

1 . Delay DSACKx until data is verified and assert BERR and HALT simultaneously to 
indicate to t he QUICC to automatically retry the error cycle (case 5), or, if data is 
valid, assert DSACKx (case 1). 

2. Delay DSACKx until data is verified and assert BERR with or without DSACKx If data 
is in error (case 3). This initiates exception processing for software handling of the 
condition. 



3. Return DSACKx prior to data verification; if data Is invalid, BERR is asserted on the 
next clock cycle (case 4). This initiates exception processing for software handling of 
the condition. 




4. Return DSACKx prior to data verification; if data is Invalid, assert BERR and HALT on 
the next clock cycle (case 6). The memory controller can then correct the RAM prior 
to or during the automatic retry. 



Table 4-8. DSACKx, BERR, and HALT Assertion Results 







Asserted on Rising 




Casd 


Control 


Edge of State 




Num 


Signal 


N 


N + 2 


Result 


1 




A 


S 


Normal cycle terminate and continue. 


DSACKx 




BERR 


NA 


NA 






HALT 


NA 


X 




2 




A 


S 


Normal cycle terminate and halt; continue when HALT negated. 


DSACKx 




BERR 


NA 


NA 






HALT 


A/S 


S 




3 




NA/A 


x 


Terminate and take bus error exception, possibly deferred. 


DSACKx 




BERR 


A 


S 






HALT 


NA 


x 




4 




A 


x 


Terminate and take bus error exception, possibly deferred. 


DSACKx 




BERR 


NA 


A 






HALT 


NA 


NA 




5 




NA/A 


X 


Terminate and retry when HALT negated. 


DSACKx 




BERR 


A 


s 






HALT 


A/S 


s 




6 




A 


X 


Terminate and retry when HALT negated. 


DSACKx 




BERR 


NA 


A 






HALT 


NA 


A 





NOTES: 

N — The number of current even bus state (e.g., S2, S4, etc.) 

A — Signal is asserted in this bus state 

NA — Signal is not asserted in this state 

X — Don't care 

S — Signal was asserted in previous state and remains asserted in this state 
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4.5.1 Bus Errors 




BERR can be use d to abort the bus cycle and the instruction being executed. BERR takes 
precedence over DSACKx provid ed it me ets the timing constraints described In Section 
10 Electrical Characteristics. If BER R does not meet these constraints, it may cause 
unpredictable operation of the QUICC. If BERR remai ns asse rted into the next bus cycle, It 
may cause Incorrect operation of that cycle. When BERR Is Issued to terminate a bus 
cycle, the QUICC may enter exception processing immediately following the bus cycle, or 
It may defer processing the exception. 

The instruction prefetch mechanism requests Instruction words from the bus controller 
before it is ready to execute them. If a bus error occurs on an Instruction fetch, the QUICC 
does not take the exception until It attempts to use that instruction word. Should an 
Intervening instruction cause a branch or should a task switch occur, the bus error 
exception does not occur. The bus error condition is recognized during a bus cycle In any 
of the following cases: 
1 . DSACKx and HALT are negated, and BERR Is asserted. 



2. HALT and BERR are n egated , and DSACKx Is asserted. BERR Is then asserted 
within one clock cycle (HALT remains negated). 

3. BERR and HALT are asserted together, indicating a retry. 

When the QUICC recognizes a bus error condition, it terminates the current bu s cycle In 
the normal way. Figure 4-29 shows the timing of a bus error for the case In which DSACKx 
Is not as serted. Figure 4-30 shows the timing for a bus error that is asserted after 
DSACKx. Exceptions are taken in both cases. (Refer to Section 5 CPU32+ for details of 
bus error exception processing.) 
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Figure 4-29. Bus Error without DSACKx 
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Figure 4-30. Late Bus Error with DSACKx 



In the second case, In which BERR Is asserted after DSACKx Is asserted, BERR must be 
asserted within the time specified for purely asynchronous operation, or it must be 
asserted a nd remain stable during the sample window around the next falling edge of the 
clock after DSACKx is r ecogniz ed. If BERR Is no t stable a t this time, the QUICC may 
exhibit erratic behavior, BERR has priority over DSACKx. In this case, data may be 
present on the bus but may not be valid. This sequence can be used by systems that have 
memory error detection and correction logic and by external cache memories. 

4.5.2 Retry Operation 



When both BERR and HALT are asserted by an external device during a bus cycle, the 
QUICC enters the retry sequence shown In Figure 4-31. A delayed retry, which is similar 
to the delayed bus error signal described previously, can also occur (see Figure 4-32). 
The QUICC terminates the bus cycle, places t he con trol si gnals i n their inactive state, and 
does not begin another bus cycle until the BERR and HALT signals are negated by 
external logic. After a synnhronl^ation delay, the QUICC retries the previous cycle usina 
the same access information (address, function code, size, etc.). BERR should be negated 
before S2 of the retried cycle to ensure correct operation of the retried cycle. 



4-48 



MC68360 USER'S MANUAL 



MOTOROLA 



CLK01 



A31-A0 



FC3-FC0 



FVW 



AS 



OS 



DSACKx 



D31-D0 



BERR 



HALT 



SO 


82 


SW 


SW 


S4 




so 


S2 


S4 




X 










X : 


X 






X 






















K 










X : 


X 






X 












^ % 

^ 










V 
\ 








/ 


> 

I 






/ 






\ 










/ 








y_ 


\ 




/ 












^ 






./ 










% 
S i 




/ 








(( 


// 


DATA 


ss\ 


< 




> 




\\ 


\\ ' 


3N0RED 


/// 


y 








\ 


/ 














^ / 










\ 


















N— ^^ 








> 




EAD RERL 






RETRY 














Figure 4-31 . Retry Sequence 

The Q UICC retries any read or write cycle of a read-modify-write operation separately; 
RMC remains asserted during the entire retry sequence. 



Asserting BR at the same time as BERR and HALT provides a relinquish and retry 
operation. The QUICC does not relinquish the bus during a read-modify-write cycle, but 
may relinquish the bus between any other bus cycles, (i.e., relinquish-and-retry has 
priority over bus coherency, except in the case of read-modify-write cycles). Any device 
that requires the QUIC C to giv e up the bus and re try a bus cycle during a read-modify- 
write cycle must assert BERR and BR only (HALT must not be included). The bus error 
handler software should examine the read-modify-write bit in the special status word (refer 
to Section 5 CPU32+) and take the appropriate action to resolve this type of fault when it 
occurs. 
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NOTE 

When the relinquish and retry is asserted during an internal 
master's word access to an 8-bit port, and the external master 
that takes the bus performs an external-to-internal bus cycle, 
the entire word access will be retried. This Is true even if the 
relinquish and retry was asserted on the second access and 
the first 8-bit access was completed normally. 
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Figure 4-32. Late Retry Sequence 



4.5.3 Halt Operation 



When HALT is asserted and BERR is not asserte d, the QUICC halts external bus activity 
at the next bus cycle boundary (see Figure 4-33). HALT by itself does not terminate a bus 
cycle. HALT affects external bus cycles only; thus, a program that does not require use of 
the external bus may continue executing until it requires use of the external bus. 



Negating and reasserting HALT in accordance with the correct timing requirements 
provides a single step (bus cycle to bus cycle) operation. The single-cycle mode allows 
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the user to proceed through (and debug) exte rnal QU ICC operations, one bus cycle at a 
time. Since the occurrence of a bus error while HALT is asserted causes a retry operation, 
the user must anticipate retry cycles while debugging in the single-cycle mode. The single- 
step operation and the software trace capability allow the system debugger to trace single 
bus cycles, single Instructions, or changes in program flow. 



When the QUICC completes a bus cycle with HALT asserted, D31-D0 is placed in the 
high-impedance state, and bus control signals are driven inactive (not high-impedance 
state); the address, function code, size, and read/write signals remain in the same state. 
The halt operation has no effect on bus arbitration (refer to 4.6 Bus Arbitration). When 
bus arbitration occurs while the QUICC is halted, the address and control signals are also 
placed in the high-impedance state. Once bus mastership is returned to the QUICC, if 
HALT is still asserted, the address, function code, size, and read/write signals are again 
driven to their previous states. The QUICC does not service interrupt requests while it Is 
halted. 

NOTES 

In Figure 4-33, note that BR^ is not asserted until after the halt 
opera tion is complete. If BR is asserted at the same time as 
HALT, the user should note that the BG signal may not be 
asserted immediately (as in other iVieSOOO family devices) but 
rather after the full operand transfer is complete. This 
difference in behavior is due to the coherency rules imposed 
by the QUICC and other IMB-based M68300 family members 
refer to 4.6 Bus Arbitration for more details. To override the 
coherency rules, a relinquish and retry cycle may be used. 

In the MCR of the SIM60, if the show cycles enabl e bits 
SHEN1-SHEN0 = 1x to enable show cycles mode, and HALT 
is asserted externally, the following behavior is possible. It is 
possible that the QUICC may not show the last bus cycle 
externally, if that bus cycle happens to be an internal-to- 
internal bus cycle. This is du e to a pipelining characteristic of 
the QUICC coupled with the HALT signal being asserted late 
into an internal-to-external bus cycle. Note that show cycles 
mode is not the normal configuration for the QUICC. 
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Figure 4-33. HALT Timing 



4.5.4 Double Bus Fault 

A double bus fault results when a bus error or an address error occurs during the 
exception processing sequence for any of the following: 

1 . A previous bus error 

2. A previous address error 

3. A reset 

For example, the QUICC attempts to stacl< several words containing information about the 
state of the machine while processing a bus error exception. If a bus error exception 
occurs during the stacking operation, the second error Is conside red a d ouble bus fault. 
When a double bus fault occurs, the QUICC halts and drives the HALT line low. Only a 
reset operation can restart a halted QUICC. However, bus arbitration can still occur (refer 
to 4.6 Bus Arbitration). A second bus error or address error that occurs after exception 
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processing has completed (during execution of tlie exception handler routine or later) 
does not cause a double bus fault. A bus cycle that is retried does not constitute a bus 
error or contribute to a double bus fault. The QUICC continues to retry the same bus cycle 
as long as the external hardware requests it. 

Reset can also be generated internally by the halt monitor (see Section 5 CPU32+). 

4.6 BUS ARBITRATION 

The bus design of the QUICC provides for a single bus master at any one time, either the 
QUICC or an external device. One or more of the external devices on the bus can have 
the capability of becoming bus master for the external bus and the QUICC internal bus. 
Bus arbitration is the protocol by which an external device becomes bus master; the bus 
controller in the QUICC manages the bus arbitration signals so that the QUICC has the 
lowest priority. 

NOTE 




The QUICC may assert the BCLRO signal for one or more of 
its internal bus masters, IDMA, SOMA, or DRAM refresh cycle, 
or when an interrupt request is pending on a level that is 
greater than a programmable level. The user can use BCLRO 
to negate the BR line asserted by an external master to reduce 
the interrupt latency for programmable interrupt levels and to 
increase the QUICC internal master arbitration priority over 
external masters. 

External devices that need to obtain the bus must assert the bus arbitration signals in the 
sequences described in the following paragraphs. Systems that include several devices 
that can become bus master require external circuitry to assign priorities to the devices, so 
that when two or more external devices attempt to become bus master at the same time, 
the one having the highest priority becomes bus master first. The sequence of the protocol 
is as follows: 

1 . An external device asserts BR. 

2. The QUICC asserts BG to Indicate that the bus is available. 



3. The external device asserts BGACK to indicate that it has assumed bus mastership. 

BR may be issued any time during a bus cycle or between cycles. BG is asserted in 
response to BR. To guarantee operand coherency, BG is only asserted at the end of an 
operand transfer. (For example if any internal master such as the CPU, SOMA or IDMA on 
the QUICC is writing a 32-bit operand to an 8-bit port size, BG is not asserted until the 
fourth byte is wri tten.) Additionally, BG is not asserted until the end of a read-modify-write 
operation (when RMC is negated) in response to a BR signal. When the requesting device 
receives BG and more than one external device can be bus master, the requesting device 
should begin whatever arbitratio n is required. When it assumes bus mastership, the 
external device asserts BGACK and maintains BGACK during the entire bus cycle (or 
cycles) for which it is bus master. The following conditions must be met for an external 
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device to assume mastership of tiie bus tiirougii Xhe normal b us arbitr ation procedure: it 
must have received BG through the arbitration process, and BGACK must be inactive, 
indicating that no other bus master has claimed ownership of the bus. 

Figure 4-34 is a flowchart showing the detail Involved in bus arbitration for a single device. 
This technique allows processing of bus requests during data transfer cycles. 
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PROCESSOR OPERATION 
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Figure 4-34. Bus Arbitration Flowchart for Single Request 

The QUICC has a synchronous arbitration timing mode to reduce the BR to BG delay to 
one clock in the Idle bus case (see Figure 4-35). Figure 4-36 illustrates the active bus 
case. 



BR is negated at the time that BGACK is asserted. This type of operation applies to a 
system consisting of the QUICC and one device capable of bus mastership. In a system 
having a number of devices capable of bus mastership, BR from each device can be wire- 
ORed to the QUICC. In such a system, more than one bus request could be asserted 
simultaneously. BG is negated a few clock cycles after the transition of BGACK. However, 

■ I l>/WIV« IWVilWI^^WiW <.4I W Willi |,/WI 1^4111^ VtllWI U IW I IW^btllWI I %J'I k^x«, II IW ^K ^.^ I ^^ %^ wtwwitw v«>.Wk..v> »^ ■•^ 

within a few clock cycles after it was negated. This additional assertion of BG allows 
external arbitration circuitry to select the next bus master before the current bus master 
has finished using the bus. The following paragraphs provide additional information about 
the three steps in the arbitration process. Bus arbitration requests are recognized during 
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normal processing, HALT assertion, and wlien tlie CPU32+ lias halted due to a double 
bus fault. 
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BR has asynchronous timing. 

Figure 4-35. Bus Arbitration Timing Diagram— Idle Bus Case 
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NOTE: 



■ BR has synchronous timing. 
B BR has synchronous timing. 

Figure 4-36. Bus Arbitration Timing Diagram — Active Bus Case 

4.6.1 Bus Request 

External devices capable of becoming bus masters request the bus by asserting BR. This 
signal can be wire-ORed to indicate to the QUiCC that some external device requires 
control of the bus. The QUICC Is effectively at a lower bus priority level than the external 
device and re linquishe s the bus after it has completed the current bus cycle (if one has 
started), if no BGACK is received while the BR is active, the QUICC remains bus master 
once BR is negated. This prevents unnecessary Interference with ordinary processing if 
the arbitration circuitry Inadvertently responds to noise or if an external device determines 
that it no lonaer reouires use of the bus before it has been aranted mastership. 



4-56 



MC68360 USER'S MANUAL 



MOTOROLA 



4.6.2 Bus Grant 

The QUICC nupports operand coherency; thus, if an operand transfer requires multiple 
bus cycles, tjie QUICC does not release the bus until the entire transfer is complete. The 
assertion of BG is therefore subject to the following constraints: 

• The minimum time for BG assertion after BR is asserted depends on internal 
synchronization. 

• When working in synchronous mode (ASTIV! bit In the MCR is set), the minimum time 
can be one clock 

• During an external operand transfer, the QUI CC does n ot assert BG until after the last 
cycle of the transfer (determined by SIZx and DSACKx). 

• During an external operand transfer, the QUICC does not assert BG as long as RMC 
is asserted. 

• If the show cycle bits SHEN1-SHEN0 = 1x and if one of the QUICC internal masters 
is making internal accesses, the QUICC does not assert BG until the transfer is 
terminated. 

• If SHEN1-SHEN0 = 00 and if one of the QUICC internal masters is making internal 
accesses, the external bus is granted away, and the QUICC continues to execute 
intemal bus cycles. In this case, the arbitration overhead (external bus idle time is 
minimal). 

• If SHEN1-SHEN0 = 01 , the QUICC does not assert BG to an external master. 

Externally, the BG signal can be routed through a daisy-chained network or a priority- 
encoded network. The QUICC is not affected by the method of arbitration as long as the 
protocol is obeyed. 

4.6.3 Bus Grant Acknowledge 

An external device cannot request and be grant ed the ex ternal bus while another device is 
the activ e bus master. A d evice that asserts BGACK remains the bus master until it 
negates BGACK. BGACK should not be negated until all required bus cycles are 
completed. Bus mastership is term inated at the negation of BGACK, When no other 
device requests the bus after BGACK is negated, the QUICC will regain bus mastership. 




The minimum time for the first bus cycle after BGACK negation depends on internal 
synchronization and internal bus arbitration. This timing is therefore subject to the 
following constraints: 

• When working in synchronous mode (ASTM bit in the MCR is set) and SHEN1- 
SHENO = 00 and one of the QUICC internal masters requests an external accesses, 
the minimum time can be one clock. 

• When working in asynchronous mode (ASTM bit in the MCR is cleared) and SHEN1- 
SHENO = 00 and one of the QUICC internal masters requests an external accesses, 
the minimum time depends on internal synchronization plus one clock. 

• If SHEN1-SHEN0 = 1 x, another clock is added for internal bus arbitration. 
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Once an external devic e receive s tlie bus and asserts BGACK, it should negate BR. If BR 
remains asserted after BGACK is asserted, the QUICC assumes that another device is 
requesting the bus and prepares to issue another BG. 

4.6.4 Bus Arbitration Control 

The bus arbitration control unit in the QUICC is implemented with a finite state machine. 
As discussed previously, all asynchronous inputs to the QUICC are internally 
synchronized in a maximum of two cycles of the clock. As shown in Figure 4 -37, inpu t 
signals labeled R and A are internally synchronized versions of BR and BGACK, 
respectively. The BG output Is labeled G, and the internal high-impedance control signal is 
labeled T. If T is true, the address, data, and control buses are placed in the h igh- 
impedance state after the next rising edge following the negation of AS and RMC. All 
signals are shown in positive logic (active high), regardless of their true active voltage 
level. The state machine shown in Figure 4-37 does not have a state 1 or state 4. 

State changes occur on the next rising edge of the clocl< after the internal signal is valid. 
The BG signal transitions on the falling edge of the clock after a state is reached during 
which G changes. The bus control signals (controlled by T) are driven by the QUICC 
immediately following a state change, when bus mastership is returned to the QUICC. 
State 0, in which G and T are both negated, is the state of the bus arbiter while the QUICC 
is bus master. R and A keep the arbiter in state as long as they are both negated. 



The QUICC does not allow arbitration of the external bus during the RMC sequence. For 
the duration of this sequ ence, the QUICC ignores the BR input. If mastership of the bus is 
required during an RMC operation, BERR must be used to abort the RMC sequence. 
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Figure 4-37. Bus Arbitration State Diagram 

4.6.5 Slave (Disable CPU32+) Mode Bus Arbitration 

When configured in the slave mode, the QUICC follows the bus arbitration mechanism 
described in 4.6 Bus Arbitration. When acting as one or more of tjie QUICC internal 
masters (refresh cycles, IDMA, and SDMA), the QUICC will output the BR signal. Systems 
that include several devices that can become bus master require external circuitry to 
assign priorities to the devices, so that when two or more external devices attempt to 
become bus master at the same time, the one having the highest priority becomes bus 
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master first. The sequence of the protocol in normal slave mode is as follows: 
1. The QUICC asserts BR. 



2. The QUICC waits for the assertion of BG and the negation of BGACK to indicate that 
the bus is available. 



3. The QUICC asserts BGACK to Indicate that it has assumed the bus. 
The state machine for the normal slave mode arbitration Is shown in Figure 4-38. 
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NOTE: BGACK Is only asserted by QUICC during the state "QUICC Owns Bus', othenvise BGACK Is 
three-stated by the QUICC. 

Figure 4-38. Slave Mode Bus Arbitration State l\/lacliine 

In MC68040 companion mode, the QUICC changes Its bus arbitration sequence to match 
that needed by the MC68040. The sequence is as follows: 

1 . The QUICC asserts BG continuously whenever the QUICC does not need the bus. 

2. When the QUICC needs the bus and the MC68040 is not requesting the bus, it will 
negate BG from the MC68040 and assert BB to indicate that it has assumed the bus. 
If the MC68040 then requests the bus using the BR pin while the QUICC Is asserting 
BB, the BR040ID bits in the MCR will be used to determine if the MC68040 has a 
hig h enough bus request priority to cause the QUICC to give up the bus (i.e., negate 
BB and assert BG.) 
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3. If the MC68040 requests the bus at the same time that a QUICC intemal master is 
requesting the bus, the BR040ID bits are used to determine who will acquire the bus 
first. 

4. When the QUICC no longer needs the bus, it negates BB and asserts BG. 

The state machine for the MC68040 companion mode arbitration is shown in Figure 4-39. 

The QUICC has another mechanism to assign priorities to the bus masters. A new pin 
called bus clear in (BCLRI) is defined. BCLRI indicates to the QUICC that a request is 
being made for the QUICC to release the system bus. The QUICC will then clear all 
internal bus masters with an arbitration ID smaller than the programmed value of the bus 
clear in ID (BCLRIID) in the MCR. 

Slave (disable CPU32+) mode bus arbitration has fewer arbitration modes than exist in a 
normal mode, since in slave mode, the SHEN1-SHEN0 bits are forced to be "00": 




In synchronous mode (ASTM bit in the MCR is set), BG and BGACK have 
synchro nous timing, and the minimal delay between the assertion of BG (negation of 
BGACK) and the assertion of BGACK is one clock. 



• I n async hronous mode, the minimum time for BGACK assertion after BG Is asserted 
(BGACK is negated) depends on internal synchronization. 

• The QUICC will not request the external bus (assert BR) when one of its internal 
masters is making an Internal access. The QUICC will request the external bus only 
when one of its internal masters Is beginning an external access. In this case, the 
arbitration overhead (external bus idle time is minimal). 

See Figure 4-40 for the slave mode bus arbitration timing diagram. 
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QUICC INTERNAL MASTER OF HIGHER 

PRIORITY THAN THE 040 REQUIRES 

EXTERNAL BUS 



BB-0 




QUICC STILL NEEDS BUS 



NOTES: 

1 . If the MC68040 and the QUICC internal master request the bus at the same time, the highest priority requester wins. 

2. The transition from '040 Owns Bus' to 'QUICC Waiting for Bus' may be delayed until the write portion of an MC68040 
locked cycle if an MC68040 locked cycle is in progress when the higher priority QUICC internal master requests the bus. 

3. BB is only asserted by QUICC during the state 'QUICC Owns Bus'; othenvise, BB is three-stated by the QUICC. 

Figure 4-39. MC68040 Companion Mode Bus Arbitration State Machine 
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NOTES: 

1. Synchronous arbitration with SHEN1-SHEN0 = 00. 

2. Minimum bus idle time. 



Figure 4-40. Slave Mode Bus Arbitration Timing Diagram 



4.6.6 Slave (Disable CPU32+) Mode Bus Exceptions 

The reset and bus error master mode support also applies to the slave mode. There is a 
difference, however, in supporting halt and retry as explained in the following paragraphs. 



4.6.6. 1 HALT. The QUICC transfer operation may be suspended at any time by asserting 
HALT to the QUICC. In response, any bus cycle in progress is completed (after DSACKx 
is ass erted), and bus ownership is released. No further bus cycles will be started while 
HALT remains asserted. When the QUICC is in the middle of an operand transfer when 
halted and when a new transfer request is pending, the QUICC will arbitrate for the bus 
and continue normal operation. 
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NOTES 

When the QUICC is doing a word access to an 8-bit port and 
HALT is asserted during the first access to an 8-bit port, the 
QUICC will access this byte again after bus ownership is 
granted to the QUICC. 




In slave mode, HALT has more priority than bus co herency; 
whereas, in normal mode (CPU32+ is enabled), HALT has less 
priority than bus coherency. 



4.6.6.2 RETRY. When HALT and BERR are asserted during a bus cycle, the QUICC 
terminates the bus cycle, releases the bus, and suspends any further operation until these 
signals are negated. The QUICC will then arbitrate for the bus, re-execute the previous 
bus cycle, and continue normal operation. Thus, in slave mode, a retry is actually a 
relinquish and retry. 

NOTE 

When the relinquish and retry is asserted during a word access 
to an 8-bit port and the external master that takes the bus 
performs an external-to-internal bus cycle, the entire word 
access will be retried. This is true even if the relinquish and 
retry was asserted on the second access and the first 8-bit 
access was completed normally. 

4.6.7 Internal Accesses 

The QUICC supports an external-master access to its internal registers with a glueless 
Interface. The QUICC internal register port size is always 32 bits. External 
QUiCC/MC68EC030 accesses have the same bus operation as the QUICC (see 4.3 Data 
Transfer Cycles). The QUICC supports the interrupt acl<nowledge cycles presented In 
4.4.4 Interrupt Acknowledge Bus Cycles. The QUICC also supports the MC68EC040 
read and write accesses and interrupt acknowledge cycles (see Figures 4-41-4-44). 
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Figure 4-41. MC68EC040 internal Registers Read Cycle 
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Figure 4-42. MC68EC040 Internal Registers Write Cycle 
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Figure 4-43. MC68EC040 Autovector Operation Timing 
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Figure 4-44. MC68EC040 Interrupt Acknowledge Cycle 

4.6.8 Show Cycles 

The QUICC can perform data transfers with its internal modules without using the external 
bus, but when debugging, it is desirable to have address and data information appear on 
the external bus. These external bus cycles, called show cycles, are distinguished by the 
fact that AS Is not asserted externally. DS is used to signal address strobe timing in show 
cycles. 

After reset, show cycles are disabled and must be enabled by writing to the SHEN bits In 
the module configuration register. When show cycles are disabled, the address bus, 
function codes, s ize , and read/write signals continue to reflect Internal bus activity. 
However, AS and DS are not asserted externally, and the external data bus remains in a 
high impedance state. When show cycles are enabled, DS indicates address strobe timing 
and the external data bus contains data. The following paragraphs are a state-by-state 
description of show cycles, and Figure 4-45 illustrates a show cycle timing diagram. Refer 
to Section 10 Electrical Characteristics for specific timing information. 

State - During state 0, the address and function codes become valid, R/W Is driven to 
indicate a show read or write cycle, and the size pins indicate the number of bytes to 
transfer. During a read, the addressed peripheral is driving the data bus, and the user 
must take care to avoid bus conflicts. 
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State 41 - One-half clock cycle later, DS (rather than AS) is asserted to indicate that 
address information is valid. 

State 42- No action occurs in state 42. The bus controller remains in state 42 (wait states 
will be inserted) until the internal read cycle is complete. 

State 43- When DS is negated, show data is valid on the next falling edge of the system 
clock. The external data bus drivers are enabled so that data becomes valid on the 
external bus as soon as it is available on the internal bus. 

State - The address, function codes, read/write, and size pins change to begin the next 
cycle. Data from the preceding cycle is valid through state 0. 
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Figure 4-45. Show Cycle Timing Diagram 

4.7 RESET OPERATION 

The QUICC has reset control logic to determine the cause of reset, synchronize it If 
necessary, and assert the appropriate reset lines. The reset control logic can 
independently drive five different Internal lines: 

1. EXTSYSR ST (external system reset) drives the external hard and soft reset pins 
(RESETH and RESETS). 

2. EXTRST (external reset) drives the external soft reset pin (RESETS). 

3. CLKRST (clock reset) resets the clock module. 

4. INTSYSRST (Internal system reset) resets the memory controller, system protection 
logic, serial interface, interrupt controller, and parallel I/O modules. 

5. INTRST (internal reset) goes to all other internal circuits. 



4-68 



MC68360 USER'S MANUAL 



MOTOROLA 



Table 4-9 summarizes the result of each reset source. Synchronous res et sou rces are not 
asserted until the end of the current bus cycle, regardless of whether RMC is asserted. 
The internal bus monitor is automatically enabled for synchronous resets; therefore, if the 
current bus cycle does not terminate normally, the bus monitor terminates It. Only single- 
byte or word transfers are guaranteed valid for synchronous resets. Asynchronous reset 
sources indicate a catastrophic failure, and the reset controller logic immediately resets 
the syste m. Reset ting the QUICC causes any bus cycle in progress to terminate as If 
DSACKx or BERR had been asserted. In addition, the QUICC appropriately initializes 
registers for a reset exception. 

Table 4-9. Reset Source Summary 



Type 


Source 


Tlmlng 


Reset Lines Asserted by Controller 




External 


Asynchronous 


INTRST 


INTSYSRST 


CLKRST 


EXTSYSRST 


External Hard Reset (RESETH) 




External 


Synchronous 


INTRST 


— 


— 


EXTRST 


External Soft Reset (RESETS) 


Power-Up 


EBI 


Asynchronous 


INTRST 


INTSYSRST 


CLKRST 


EXTSYSRST 


Software Watchdog 


Sys Prot 


Asynchronous 


INTRST 


INTSYSRST 


— 


EXTSYSRST 


Double Bus Fault 


Sys Prot 


Asynchronous 


INTRST 


INTSYSRST 


CLKRST 


EXTSYSRST 


Loss of Clock"' 


Clock 


Asynchronous 


INTRST 


INTSYSRST 


CLKRST 


EXTSYSRST 


Reset Instruction 


CPU32+ 


Asynchronous 


INTRST2 


— 


— 


EXTRST 



NOTES: 

1. The reset behavior is this case is dependent on the PLL programming (see 6.9.3.9 CLKO Control Register 
(CLKO)). 

2. Doesn't cause a CPU32 reset exception nor does it affect any of its internal registers. 



If an external device drives RESETS or RESETH low, they should be asserted for at least 
32 clock periods to ensure tha t the QUIC C resets. When the reset control logic detects 
that an e xternal device drives RESETS low, it starts driving both internal and external 
RESETS low for 512 cycles to guarantee this length of res et to the e ntire system. When 
the reset control logic dete cts that an ext ernal devic e drives RESETH low, it starts driving 
both internal and external RESETS and RESETH low for 512 cycles to guarantee this 
length of reset to the entire system. The external and the internal resets are released after 
the external device stops driving the external reset signal low or after the 512 cycles, 
whatever is later. Figure 4-46 shows the reset timing. 
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Figure 4-46. Timing for External Devices Driving RESET 
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If reset is asserted from any other source, the reset control logic asserts a reset for a 
minimum of 512 cycles and until the source of reset is negated. 

After any internal reset occurs, a 14-cycle rise time is allowed before testing for the 
presence of an external reset. If no external reset is detected, the CPU32+ begins its 
vector fetch. 

Figure 4- 47 is a timing diagr am of the power-up reset operation, showing the relationships 
between RESETH, RESETS, VCC, and bus signals. During the reset period, the entire bus 
three- states (ex cept for non-th ree-statable signals, which are driven to their inactive state). 
Once RESETH and RESETS negate, all control signals are driven to their inactive state, 
the data bus is in read mode, and the address bus is driven. After this, the first bus cycle 
of the reset exception processing begins. 



CLK01 




OilllllUUOUUUUOll 


lJUllllllllllUUllllUllUllll 


UUUUllUllllllUlllIU 


nnnnnnnnnnnnnnnnnnnnnnnnnnn 








VCO 










LOCK 






Vcc 


/ 


< 328 X ^ 


< 512 X , 








Tni KIN 


xri vrw IT 






RESETH 




///////// 














BUS 


A 






CDCDCD 


ADDRESS AND 




CYCLES 


^ BUS STATE ^ 










UNKNOWN 




KAjn 1 nut aiOINALS 

THREE-STATED 













NOTES: 

1. Internal start-up time. 

2. SSP read here. 

3. PC read here. 

4. First instruction fetched here. 



Figure 4-47. Initial Reset Operation Timing 



When a RESET Instruction is executed, the QUiCC drives the RESETS signal for 512 
clock cycles. In this case, the QUICC resets the external devices of the system, and many 
of the internal registers of the QUiCC (see Section 3 Memory Map for a list of registers 
affected by each type of reset). 

The bus arbitration circuitry is only reset during a power-on reset. It may be used during all 
other resets. 

In QUiCC slave mode (disable CPU32+) the reset operates the same as in the normal 
(master) mode except that the ReSet Instruction does not exist. 
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SECTION 5 
CPU32+ 

The CPU32+, the second instruction processing module of the l\/I68300 family, is based 
on the industry-standard l\/IC68000 core processor. Like the original CPU32, it has many 
features of the MC68010 and MC68020 as well as unique features suited for high- 
performance processor applications. The CPU32+ provides a significant performance 
increase over the MC68000 CPU, yet maintains source-code and binary-code 
compatibility with the M68000 family. 

The CPU32+ differs from the original CPU32 in two ways: it allows an option of a 32-bit 
data interface and allows byte-misaligned accesses to data operands. 

5.1 OVERVIEW 

The CPU32+ Is designed to interface to the Intermodule bus (1MB), allowing interaction 
with other 1MB submodules. In this manner, integrated processors can be developed that 
contain useful peripherals on chip. This integration provides high-speed accesses among 
the 1MB submodules, increasing system performance. 

The CPU32+ core is a CPU32 core with its bus interface unit modified to connect directly 
to the 32-bit 1MB and take advantage of the larger bus width. Although the original CPU32 
core already had a 32-bit internal data path and 32-bit arithmetic hardware, its external 
interf ace (I.e., to the internal 1MB) was 16 bits. The CPU32+ core, however, can operate 
on 32-bit external operands with one bus cycle. This capability allows the CPU32+ core to 
fetch a long-word instruction or two word-length instructions in one bus cycle, allowing the 
internal instruction queue to be filled more quickly. The CPU32+ core can also read and 
write 32-bits of data in one bus cycle. The CPU32+ has an additional word in its 
instruction pipeline when fetching from a 32-bit port. When fetching from a 16-bit port, this 
additional word is disabled. The performance of the CPU32+ on a 16-bit bus is the same 
as the CPU32 performance. 

The CPU32+ also supports byte-misaligned operands. Since operands can reside at any 
byte boundary, they may occasionally become misaligned. A byte operand is properly 
aligned at any address; a word operand is misaligned at a odd address; a long-word 
operand is misaligned at an address that is not evenly divisible by four. Devices such as 
the MC68302, MC68000/8, MC68010, and CPU32-based MC68300 allow long-word 
operand transfers at odd-word addresses, but force exceptions if word or long-word 
operand transfers are attempted at odd-byte addresses. Although the CPU32+ does not 
enforce any alignment restrictions for data operands (including PC relative data 
addresses), some performance degradation occurs when additional bus cycles are 
required for long-word or word operands that are misaligned. For maximum performance, 
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data items should be aligned on their natural boundaries. All instruction words and 
extension words must reside on word boundaries. Attempting to prefetch an instruction 
word at an odd address causes an address error exception. 

The CPU32+ has four bits (SZ1 ,SZO and SZC1 ,SCZO) in the software status word (SSW) 
that are new or have changed definitions. 

The CPU32+ offers low power consumption. The CPU32+ is implemented in high-speed 
complementary metal-oxide semiconductor (HCI\^OS) technology, providing low power 
use during normal operation. During periods of inactivity, the low-power stop (LPSTOP) 
instruction can be executed, shutting down the CPU32+ and other 1MB modules, greatly 
reducing power consumption. 

Ease of programming is an important consideration when using an integrated processor. 
The CPU32+ instruction format reflects a predominant register-memory Interaction 
philosophy. All data resources are available to operations that require them. The 
programming model includes eight multifunction data registers and seven general-purpose 
addressing registers. The data registers support 8-bit (byte), 16-bit (word), and 32-bit 
(long-word) operand lengths for all operations. Address manipulation is supported by word 
and long-word operations. Although the program counter (PC) and stack pointers (SP) are 
special-purpose registers, they are also available for most data addressing activities. Ease 
of program checking and diagnosis is enhanced by trace and trap capabilities at the 
Instruction level. 

As processor applications become more complex and programs become larger, high-level 
languages (HLLs) become the system designer's choice in programming languages. HLLs 
aid in the rapid development of complex algorithms with less error and are readily 
portable. The CPU32+ instruction set efficiently support HLLs. 
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5.1.1 Features 

Features of the CPU32+ are as follows: 

• Fully Upward Object-Code Compatible with M68000 Family 

• Virtual Memory Implementation 

• Loop Mode of Instruction Execution 

• Fast Multiply, Divide, and Shift Instructions 

• Fast Bus Interface with Dynamic Bus Port Sizing 

• Improved Exception Handling 

• Additional Addressing Modes 

— Scaled Index 

— Address Register Indirect with Base Displacement and Index 

— Expanded PC Relative Modes 

— 32-Bit Branch Displacements 

• Instruction Set Additions 

— High-Precision Multiply and Divide 

— Trap on Condition Codes 

— Upper and Lower Bounds Checl<ing 

• Enhanced Breakpoint Instruction 

• Trace on Change of Flow 

• Table Lookup and Interpolate (TBL) Instruction 

• LPSTOP Instruction 




• Hardware BKPT Signal, Background Mode 

• Fully Static Implementation 

A block diagram of the CPU32+ is shown in Figure 5-1 . The major blocks depicted 
operate in a highly independent fashion that maximizes concurrences of operation while 
managing the essential synchronization of instruction execution and bus operation. The 
bus controller loads instructions from the data bus into the decode unit. The sequencer 
and control unit provide overall chip control by managing the internal buses, registers, and 
functions of the execution unit. 

5.1.2 Virtual Memory 

A system that supports virtual memory has a limited amount of high-speed physical 
memory that can be accessed directly by the processor and maintains an image of a 
much larger virtual memory on a secondary storage device. When the processor attempts 
to access a location in the virtual memory map that is not resident in physical memory, a 
page fault occurs. The access to that location is temporarily suspended while the 
necessary data is fetched from secondary storage and placed in physical memory. The 
CPU32+ uses instruction restart, which requires that only a small portion of the internal 
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machine state be saved. After correcting tlie page fault, the machine state is restored, and 
the instruction is refetched and restarted. This process is completely transparent to the 
application program. 
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Figure 5-1. CPU32+ Block Diagram 

5.1.3 Loop Mode Instruction Execution 

The CPU32+ has several features that provide efficient execution of program loops. One 
of these features is the DBcc looping primitive instruction. To increase the perfonnance of 
the CPU32+, a loop mode has been added to the processor. The loop mode is used by 
any single-word instruction that does not change the program flow. Loop mode is 
implemented in conjunction with the DBcc instruction. Figure 5-2 shows the required fomi 
of an instruction loop for the processor to enter loop mode. 



ONE-WORD INSTRUCTION 



DBcc 



DBcc DISPLACEMENT 
$FFFC.-4 



Figure 5-2. Loop IMode instruction Sequence 

The loop mode is entered when the DBcc instruction is executed and the loop 
displacement is -A. Once in loop mode, the processor performs only the data cycles 
associated with the instruction and suppresses all instruction fetches. The termination 
condition and count are checl<ed after each execution of the data operations of the looped 
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instruction. The CPU32+ automatically exits the loop mode during interrupts or other 
exceptions. 

5.1.4 Vector Base Register 

The vector base register (VBR) contains the base address of the 1024-byte exception 
vector table, which consists of 256 exception vectors. Exception vectors contain the 
memory addresses of routines that begin execution at the completion of exception 
processing. These routines perform a series of operations appropriate for the 
corresponding exceptions. Because the exception vectors contain memory addresses, 
each vector consists of one long word, except the reset vector. The reset vector consists 
of two long words: the address used to initialize the supervisor stack pointer (SSP) and 
the address used to initialize the PC. 

The address of an interrupt exception vector is derived from an 8-bit vector number and 
the VBR. The vector numbers for some exceptions are obtained from an external device; 
other numbers are supplied automatically by the processor. The processor multiplies the 
vector number by 4 to calculate the vector offset, which is added to the VBR. The sum is 
the memory address of the vector. All exception vectors are located in supervisor data 
space, except the reset vector, which is located in supervisor program space. Only the 
initial reset vector is fixed in the processor's memory map; once initialization is complete, 
there are no fixed assignments. Since the VBR provides the base address of the vector 
table, the vector table can be located anywhere in memory; it can even be dynamically 
relocated for each task that is executed by an operating system. Refer to 5.5 Exception 
Processing for additional details. 

31 




VECTOR BASE REGISTER (VBR) 



5.1 .5 Exception Handling 

The processing of an exception occurs in four steps, with variations for different exception 
causes. During the first step, a temporary internal copy of the status register (SR) is made, 
and the SR is set for exception processing. During the second step, the exception vector 
is determined. During the third step, the current processor context is saved. During the 
fourth step, a new context is obtained, and the processor then proceeds with instruction 
processing. 

Exception processing saves the most volatile portion of the current context by pushing it 
on the supervisor stack. This context is organized in a format called the exception stack 
frame. This information always includes the SR and PC context of the processor when the 
exception occurred. To support generic handlers, the processor places the vector offset in 
the exception stack frame. The processor also marks the frame with a frame format. The 
format field allows the retum-from-exception (RTE) instruction to Identify what information 
is on the stack so that it may be properly restored. 
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5.1.6 Addressing Modes 

Addressing in the CPU32+ is register oriented. Most instructions allow the results of the 
specified operation to be placed either in a register or directly in memory; this flexibility 
eliminates the need for extra instructions to store register contents in memory. 

The seven basic addressing modes are as follows: 

• Register Direct 

• Register Indirect 

• Register Indirect with Index 

• Program Counter Indirect with Displacement 

• Program Counter Indirect with Index 

• Absolute 

• Immediate 

Included in the register indirect addressing modes are the capabilities to postincrement, 
predecrement, and offset. The PC relative mode also has index and offset capabilities. In 
addition to these addressing modes, many instructions implicitly specify the use of the SR, 
SP and/or PC. Addressing is explained fully in the M68000PM/AD, M68000 Family 
Programmer's Reference Manual. 

5.2 ARCHITECTURE SUMMARY 

Tlie CPU32+ is upward source- and object-code compatible with the MC68000 and 
MC68010. It is downward source- and object-code compatible with the MC68020. Within 
the M68000 family, architectural differences are limited to the supervisory operating state. 
User programs can be executed unchanged on upward-compatible devices. 

The major CPU32+ features are as follows: 

• 32-Bit Intemal Data Path and Arithmetic Hardware 

• 32-Bit Address Bus Supported by 32-Bit Calculations 

• Rich Instruction Set 

• Eight 32-Bit General-Purpose Data Registers 

• Seven 32-Bit General-Purpose Address Registers 

• Separate User and Supen/lsor Stacl< Pointers (USP and SSP) 

• Separate User and Supervisor Address Spaces 

• Separate Program and Data Address Spaces 

• Many Data Types 

• Flexible Addressing Modes 

• Full Interrupt Processing 

• Expansion Capability 

5-6 MC68360 USER'S MANUAL MOTOROLA 



5.2.1 Programming Model 

The CPU32+ programming model consists of two groups of registers that correspond to 
the user and supervisor privilege levels. User programs can only use the registers of the 
user model. The supervisor programming model, which supplements the user 
programming model, is used by CPU32+ system programmers who wish to protect 
sensitive operating system functions. The supervisor model is Identical to that of MC68010 
and later processors. 

The CPU32+ has eight 32-bit data registers, seven 32-bit address registers, a 32-bit PC, 
separate 32-bit SSP and USP, a 16-bit SR, two alternate function code registers, and a 
32-bit VBR (see Figures 5-3 and 5-4). 
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Figure 5-3. User Programming l\/lodel 
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Figure 5-4. Supervisor Programming l\/lodel Supplement 

5.2.2 Registers 

Registers D7-D0 are used as data registers for bit, byte (8-bit), word (16-bit), long-word 
(32-bit), and quad-word (64-bit) operations. Registers A6 to AO and the USP and SSP are 
address registers that may be used as software SPs or base address registers. Register 
A7 (shown as A7 and A7' In Figures 5-3 and 5-4) Is a register designation that applies to 
the USP in the user privilege level and to the SSP In the supervisor privilege level. In 
addition, address registers may be used for word and long-word operations. All 16 
general-purpose registers (D7-D0, A7-A0) may be used as Index registers. 

The PC contains the address of the next instruction to be executed by the CPU32+. 
During instruction execution and exception processing, the processor automatically 
Increments the contents of the PC or places a new value In the PC, as appropriate. 

The SR (see Figure 5-5) contains condition codes, an interrupt priority mask (three bits), 
and three control bits. Condition codes reflect the results of a previous operation. The 
codes are contained In the low byte (CCR) of the SR. The interrupt priority mask 
determines the level of priority an Interrupt must have to be acknowledged. The control 
bits determine trace mode and privilege level. At user privilege level, only the CCR is 
available. At supervisor privilege level, software can access the full SR. 

The VBR contains the base address of the exception vector table in memory. The 
displacement of an exception vector Is added to the value In this register to access the 
vector table. 

Alternate source and destination function code registers (SFC and DFC) contain 3-blt 
function codes. The CPU32+ generates a function code each time it accesses an address. 
Specific codes are assigned to each type of access. The codes can be used to select 
eight dedicated 4 Gbyto address spaces. The mOVEC Insiruuiiuri can use registers SFC 
and DFC to specify the function code of a memory address. 
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Figure 5-5. Status Register 



5.3 INSTRUCTION SET 




The following paragaphs describe the CPU32+ instruction set. A description of the 
instruction format, the operands used by the instructions, and a summary of the 
instructions by category are included. Complete programming information is provided in 
the I\/I68000PM/AD, M68000 Family Programmer's Reference Manual. 

The CPU32+ instructions include machine functions for all the following operations: 

• Data l\/lovement 

• Arithmetic Operations 

• Logical Operations 

• Shifts and Rotates 

• Bit Manipulation 

• Conditionals and Branches 

• System Control 

The large instruction set encompasses a complete range of capabilities and, combined 
with the enhanced addressing modes, provides a flexible base for program development. 

The instruction set of the CPU324- is very similar to that of the MC68020 (see Table 5-1). 
The following M68020 instructions are not implemented on the CPU32+: 

BFxx — Bit Field Instructions (BFCHG, BFCLR, BFEXTS, BFEXTU. 

BFFFO, BFINS, BFSET, BFTST) 

CALLM, RTM — Call Module, Return Module 

CAS, CAS2 — Compare and Set (Read-Modify-Write Instructions) 

cpxxx — Coprocessor Instructions (cpBcc, cpDBcc, cpGEN, cpRESTORE, 

cpSAVE, cpScc, cpTRAPcc) 

PACK, UNPK — Pack, Unpack BCD Instructions 
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The CPU32+ traps on unimplemented instructions or illegal effective addressing modes, 
allowing user-supplied code to emulate unimplemented capabilities or to definft s pftrial- 
purpose functions. However, Motorola reserves the right to use all currently 
unimplemented instruction operation codes for future M68000 core enhancements. 



Table 5-1. Instruction Set 



Mnemonic 


Description 


ABCD 


Add Decimal with Extend 


ADD 


Add 


ADDA 


Add Address 


ADDI 


Add Immediate 


ADDQ 


Add Quick 


AND 


Logical AND 


ANDI 


Logical AND Immediate 


ASL 


Arithmetic Shift Left 


ASR 


Arithmetic Shift Right 


Bcc 


Branch Conditionally (16 Tests) 


BCHG 


Bit Test and Change 


BCLR 


Bit Test and Clear 


BGND 


Enter Background Mode 


BKPT 


Breakpoint 


BRA 


Branch Always 


BSET 


Bit Test and Set 


BSR 


Branch to Subroutine 


BTST 


Bit Test 


CHK 


Check Register against Bounds 


CHK2 


Check Register against Upper and 




Lower Bounds 


CLR 


Clear Operand 


CMP 


Compare 


CMPA 


Compare Address 


CMPI 


Compare Immediate 


CMPM 


Compare Memory 


CMP2 


Compare Register against Upper 




and Lower Bounds 


DBcc 


Test Condition, Decrement and 




Branch (16 Tests) 


DIVS, DIVSL 


Signed Divide 


DIVU, DIVUL 


Unsigned Divide 


EOR 


Logical Exclusive OR 


EORI 


Logical Exclusive OR Immediate 


EXG 


Exchange Registers 


EXT, EXTB 


Sign Extend 


ILLEGAL 


Take Illegal Instruction Trap 


JMP 


Jump 


JSR 


Jump to Subroutine 


LEA 


Load Effective Address 


LINK 


Link and Allocate 


LPSTOP 


Low-Power Stop 


LSL, LSR 


Logical Shift Left and Right 


MOVE 


Move 



iMnemonic 


Description 


MOVEA 


Move Address 


MOVE CCR 


Move Condition Code Register 


MOVE SR 


Move to/from Status Register 


MOVE USP 


Move User Stack Pointer 


MOVEC 


Move Control Register 


MOVEM 


Move Multiple Registers 


MOVEP 


Move Peripheral Data 


MOVEQ 


Move Quick 


MOVES 


Move Alternate Address Space 


MULS 


Signed Multiply 


MULU 


Unsigned Multiply 


NBCD 


Negate^Decimal with Extend 


NEG 


Negate 


NEGX 


Negate with Extend 


NOP 


No Operation 


NOT 


Ones Complement 


OR 


Logical Inclusive OR 


ORI 


Logical Inclusive OR Immediate 


PEA 


Push Effective Address 


RESET 


Reset External Devices 


ROL, ROR 


Rotate Left and Right 


ROXL, ROXR 


Rotate with Extend Left and Right 


RTD 


Return and Deallocate 


RTE 


Return from Exception 


RTR 


Return and Restore 


RTS 


Return from Subroutine 


SBCD 


Subtract Decimal with Extend 


Sec 


Set Conditionally 


STOP 


Stop 


SUB 


Subtract 


SUBA 


Subtract Address 


SUBI 


Subtract Immediate 


SUBQ 


Subtract Quick 


SUBX 


Subtract with Extend 


SWAP 


Swap Data Register Halves 


TAS 


Test and Set Operand 


TBLS, TBLSN 


Table Lookup and Interpolate, 




Signed 


TBLU, TBLUN 


Table Lookup and Interpolate, 




1 Inci/inarl 


TRAPcc 


Trap Conditionally (1 6 Tests) 


TRAPV 


Trap on Overflow 


TST 


Test 


UNLK 


Unlink 
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5.3.1 M68000 Family Compatibility 

It is the philosophy of the l\/!68000 Family that all user-mode programs should execute 
unchanged on a more advanced processor and that supervisor-mode programs and 
exception handlers should require only minimal alteration. 

The CPU32+ can be thought of as an intermediate member of the M68000 family. Object 
code from an MC68000 or MC68010 may be executed on the CPU32+, and many of the 
instruction and addressing mode extensions of the MC68020 are also supported. 

5.3.1.1 NEW INSTRUCTIONS. Two instructions have been added to the M68000 
instruction set: LPSTOP and TBL. 

5.3.1.1.1 Low-Power Stop (LPSTOP). In applications where power consumption is a 
consideration, the CPU32+ can force the device into a low-power standby mode when 
immediate processing is not required. The low-power mode is entered by executing the 
LPSTOP instruction. The processor remains in this mode until a user-specified or higher 
level interrupt or a reset occurs. 

5.3.1.1.2 Table Lookup and Interpolate (TBL). To maximize throughput for real-time 
applications, reference data is often precalculated and stored in memory for quick access. 
The storage of sufficient data points can require an inordinate amount of memory. The 
TBL instruction uses linear interpolation to recover intermediate values from a sample of 
data points, thus conserving memory. 

When the TBL instruction is executed, the CPU32+ looks up two table entries bounding 
the desired result and performs a linear interpolation between them. Byte, word, and long- 
word operand sizes are supported. The result can be rounded according to a round-to- 
nearest algorithm or retumed unrounded along with the fractional portion of the calculated 
result (byte and word results only). This extra precision can be used to reduce cumulative 
error in complex calculations. See 5.3.4 Using the TBL Instructions for examples. 

5.3.1.2 UNIMPLEMENTED INSTRUCTIONS. The ability to trap on unimplemented 
instructions allows user-supplied code to emulate unimplemented capabilities or to define 
special-purpose functions. However, Motorola reserves the right to use all currently 
unimplemented instruction operation codes for future M68000 enhancements. See 5.5.2.8 
Illegal or Unimplemented Instructions for more details. 

5.3.2 instruction Format and Notation 

All instructions consist of at least one word. Some instructions can have as many as 
seven words, as shown in Figure 5-6. The first word of the instruction, called the operation 
word, specifies instruction length and the operation to be performed. The remaining 
words, called extension words, further specify the instruction and operands. These words 
may be immediate operands, extensions to the effective address mode specified in the 
operation word, branch displacements, bit number, special register specifications, trap 
operands, or argument counts. 
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OPERATION WORD 
(ONE WORD, SPECIFIES OPERATION AND MODES) 



SPECIAL OPERAND SPECIFIERS 
(IF ANY, ONE OR TWO WORDS) 



IMMEDIATE OPERAND OR SOURCE ADDRESS 
EXTENSION 

(IF ANY, ONE TO THREE WORDS) 



DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE TO THREE WORDS) 




Figure 5-6, Instruction Word Generai Format 

Besides the operation code, which specifies the function to be performed, an instruction 
defines the location of every operand for the function. Instructions specify an operand 
location in one of three ways: 

• Register Specification A register field of the Instruction contains the number of 

the register. 

• Effective Address An effective address field of the Instruction contains 

address mode Information. 

• Implicit Reference The definition of an Instruction Implies the use of 

specific registers. 

The register field within an Instruction specifies the register to be used. Other fields within 
the instruction specify whether the register is an address or data register and how it Is to 
be used. The^ M68000PM/AD, M68000 Family Programmer's Reference Manual, contains 
detailed register Information. 

Except where noted, the following notation Is used In this section: 

Data Immediate data from an instruction 

Destination Destination contents 

Source Source contents 

Vector Location of exception vector 

An Any address register (A7-A0) 

Ax, Ay Address registers used in computation 

Dn Any data register (D7-D0) 

Re Control register (VBR, SFC, DFC) 

Rn Any address or data register 

Dh, Dl Data registers, high- and low-order 32 bits of product 

t^r, b.rCj L^aia registers, uivision rernainuer, uivision cjuOiieni 

Dx, Dy Data registers, used In computation 

Dym, Dyn Data registers, table Interpolation values 

Xn Index register 

[An] Address extension 
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cc Condition code 

d# Displacement 

Example: di6 is a 16-bit displacement 
(ea> Effective address 

#(data) Immediate data; a literal integer 

label Assembly program label 

list List of registers 

Example: D3-D0 
[...] Bits of an operand 

Examples: [7] is bit 7; [31 :24] are bits 31-24 
(...) Contents of a referenced location 

Example: (Rn) refers to the contents of Rn 
CCR Condition code register (lower byte of SR) 

X — extend bit 

N— negative bit 

Z— zero bit 

V— overflow bit 

C — carry bit 
PC Program counter 

SP Active stacl< pointer 

SR Status register 

SSP Supen/isor stack pointer 

USP User stack pointer 

FC Function code 

DFC Destination function code register 

SFC Source function code register 

+ Arithmetic addition oi* postincrement 

Arithmetic subtraction or predecrement 
/ Arithmetic division or conjunction symbol 

X Arithmetic multiplication 

= Equal to 

^ Not equal to 

> Greater than 

& Greater than or equal to 

< Less than 

^ Less than or equal to 

A Logical AND 

V Logical OR 

© Logical exclusive OR 

Invert; operand is logically complemented 
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BCD Binary-coded decimal, indicated by subscript 

Example: Sourcei o is a BCD source operand. 
LSW Least significant word 

MSW Most significant word 

{R/W} Read/write indicator 

In a description of an operation, a destination operand Is placed to the right of source 
operands and is indicated by an arrow (=>). 

5.3.3 Instruction Summary 

The instructions form a set of tools to perfomn the following operations: 

Data Movement Bit Manipulation 

Integer Arithmetic Binary-Coded Decimal Arithmetic 

Logic Program Control 

Shift and Rotate System Control 

The complete range of instruction capabilities combined with the addressing modes 
described previously provide flexibility for program development. All CPU32+ instructions 
are summarized in Table 5-2. 
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Table 5-2. Instruction Set Summary 



Opcode 


Operation 


Syntax 


ABCD 


Sourceto -<- Destination-] o + X ^ Destination 


ABCD Dy.Dx 
ABCD-(Ay).-(Ax) 


ADD 


Source + Destination => Destination 


ADD (ea),Dri 
ADD Dn,(ea) 


ADDA 


Source + Destination => Destination 


ADDA (ea),An 


ADDI 


Immediate Data -i- Destination =* Destination 


ADDI #(data),(ea) 


ADDQ 


Immediate Data -i- Destination ==> Destination 


ADDQ #(data),(ea) 


ADDX 


Source + Destination -t- X => Destination 


ADDX Dy.Dx 
ADDX-(Ay),-(Ax) 


AND 


Source A Destination => Destination 


AND (ea),Dn 
AND Dn.(ea) 


ANDI 


Immediate Data A Destination =» Destination 


ANDI #(data),(ea) 


ANDI to CCR 


Source A CCR =^ CCR 


ANDI #(data),CCR 


ANDI to SR 


If supervisor state 

the Source A SR => SR 
else TRAP 


ANDI #(data),SR 


ASL,ASR 


Destination Shifted by (count) =^ Destination 


ASd Dx,Dy 
ASd #(data),Dy 
ASd (ea) 


Bex: 


If (condition true) then PC + d => PC 


Bcc (label) 


BCHG 


-((number^ of Destination) =» Z; 
-((number) of Destination) => (bit number) of 
Destination 


BCHG Dn,(ea) 
BCHG #(data),(ea) 


BCLR 


-((number) of Destination) =^ Z; 
=> (bit number) of Destination 


BCLR Dn,(ea) 
BCLR #(data),(ea) 


BGND 


If (background mode enabled) then 

enter background mode 
else FormatA/ector offset =*■ -(SSP) 

PC=>-(SSP) 

SR=»-(SSP) 

(Vector) =» PC 


BGND 


BKPT 


Run breakpoint acknowledge cycle; 
TRAP as illegal instruction 


BKPT #(data) 


BRA 


PC + d =* PC 


BRA (label) 


BSET 


-((number) of Destination) => Z; 
1 => (bit number) of Destination 


BSET Dn,(ea) 
BSET #(data),(ea) 


BSR 


SP-4=>SP;PC=» (SP); PC + d => PC 


BSR (label) 


BTST 


- ((number) of Destination) =» Z; 


BTST Dn,(ea) 
BTST #(data),(ea) 


CHK 


If Dn < or Dn > Source then TRAP 


CHK(ea),Dn 


CHK2 


If Rn < lower bound or 
If Rn > upper bound 
then TRAP 


CHK2 (ea),Rn 


CLR 


^ Destination 


CLR(ea) 


CMP 


Destination — Source => cc 


CMP (ea),Dn 


CMPA 


Destination — Source 


CMPA(ea),An 


CMPI 


Destination — Immediate Data 


CMPI #(data),(ea) 


CMPM 


Destination — Source => cc 


CMPM (Ay)+,(Ax)+ 
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Table 5-2. Instruction Set Summary (Continued) 



Opcode 


Operation 


Syntax 


CMP2 


Compare Rn < lower-bound or 
Rn > upper-bound 
and Set Condition Codes 


CMP2 <ea).Rn 


DBcc 


If condition false then (Dn - 1 -» Dn; 
lfDn0-1thenPC + d=»PC) 


DBcc Dn,(label) 


DIVS 
DIVSL 


Destination/Source ^ Destination 


DIVS.W <ea),Dn 32/1 6 -» 1 6n1 6q 
DIVS.L(ea),Dq 32/32 i«32q 
DIVS.L<ea),DnDq 64/32 ^32r32q 
DIVSL.L<ea),DnDq 32/32 -» 32r32q 


DIVU 
DIVUL 


Destination/Source -» Destination 


DIVU.W (ea).Dn 32/16 -» 16r16q 
DIVU.L<ea),Dq 32/32 -»32q 
DiVU.L(ea),Dr:Dq 64/32 -* 32r32q 
DIVUL.L<ea).Dr:Dq 32/32 ^ 32r:32q 


EOR 


Source ® Destination ^ Destination 


EOR Dn.(ea) 


EORI 


Immediate Data © Destination -» Destination 


EORI #(data),(ea) 


EORI 
to OCR 


Source © OCR =» CCR 


EORI #(data),CCR 


EORI 
toSR 


If supervisor state 
the Source © SR -* SR 
else TRAP 


EORI #(data).SR 


EXG 


Rx>«»Ry 


EXG Dx.Dy 
EXG Ax.Ay 
EXG Dx,Ay 
EXGAy.Dx 


EXT 
EXTB 


Destination Sign-Extended =» Destination 


EXT.W Dn extend byte to word 
EXT.L Dn extend word to long word 
EXTB.L Dn extend byte to long word 


LLEGAL 


SSP - 2 => SSP; Vector Offset =» (SSP); 
SSP - 4 -». SSP; PC -» (SSP); 
SSp-2-*SSP:SR-*. (SSP); 
Illegal Instruction Vector Address =» PC 


II 1 FGAL 


JMP 


Destination Address'-* PC 


JMP (ea) 


JSR 


SP-4=>SP;PC=>(SP) 
Destination Address -* PC 


JSR (ea) 


LEA 


(ea) »» An 


LEA(ea),An 


LINK 


SP-4-».SP:An^(SP) 
SP-«>An,SP + d-^SP 


LINK An.#(displacement) 


LPSTOP 


If supennsor state 

Immediate Data -*- SR 

Interrupt Mask => External Bus Interface (EBI) 
STOP 
else TRAP 


LPSTOP #(data) 


LSULSR 


Destination Shifted by (count) =:» Destination 


LSdi Dx,Dy 
LSd^ #(data),Dy 
LSd' (ea) 


MOVE 


Source => Destination 


MOVE (ea),(ea) 


MUVtA 


Source-* Destination 


MOVEA(ea),An 


MOVE from 
OCR 


CCR=> Destination 


MOVE CCR.(ea) 
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Table 5-2. Instruction Set Summary (Continued) 



Opcode 


Operation 


Syntax 


MOVEtoCCR 


Source =* OCR 


MOVE (ea>,CCR 


MOVE from SR 


If supervisor state 
then SR =*• Destination 
else TRAP 


MOVE SR,(ea> 


MOVE to SR 


If supervisor state 
then Source =» SR 
else TRAP 


MOVE(ea).SR 


MOVE USP 


If supervisor state 
then USP => An or An => USP 
else TRAP 


MOVE USP,An 
MOVE An,USP 


MOVEC 


If supervisor state 
then Re => Rn or Rn ^ Re 
else TRAP 


MOVEC Rc,Rn 
MOVEC Rn.Rc 


MOVEM 


Registers =» Destination 
Source =^ Registers 


MOVEM register list,(ea) 
MOVEM (ea),register list 


MOVER 


Source => Destination 


MOVER Dx.(d,Ay) 
MOVER (d.Ay),Dx 


MOVEQ 


Immediate Data => Destination 


MOVEO #(data>,Dn 


MOVES 


if supervisor state 

then Rn => Destination [DFC] or Source 

[SFC] => Rn 
else TRAP 


MOVES Rn.(ea> 
MOVES (ea),Rn 


MULS 


Source x Destination =^ Destination 


MULS.W (ea),Dn 1 6 x 1 6 => 32 
MULS.L(ea),DI 32x32->32 
MULS.L (ea),Dh:DI 32x32=* 64 


MULU 


Source X Destination => Destination 


MULU.W (ea>,Dn 1 6 x 1 6 =* 32 
MULU.L (ea),DI 32 x 32 =* 32 
MULU.L (ea).Dh:DI 32x32=>64 


NBCD 


- (Destination "I q) - X =» Destination 


NBCD (ea> 


NEG 


- (Destination) =» Destination 


NEG (ea) 


NEGX 


- (Destination) - X => Destination 


NEGX (ea) 


NOP 


None 


NOP 


NOT 


-Destination =* Destination 


NOT (ea) 


OR 


Source V Destination ^ Destination 


OR (ea),Dn 
OR Dn,(ea) 


ORI 


Immediate Data V Destination => Destination 


ORI #(data),(ea) 


ORI to OCR 


Source V OCR ^ OCR 


ORI #(data),CCR 


ORI to SR 


If supen/isor state 
then Source V SR ^ SR 
else TRAP 


ORI #(data),SR 


PEA 


Sp-4=>SP;(ea)=>(SP) 


PEA (ea) 


RESET 


If supervisor state 
then Assert RESET 
else TRAP 


RESET 


ROL,ROR 


Destination Rotated by (count )=> Destination 


ROd] Rx,Dy 
ROd] #(data),Dy 
ROd^ (ea) 
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Table 5-2. Instruction Set Summary (Concluded) 



Opcode 


Operation 


Syntax 


ROXL,ROXR 


Destination Rotated with X by (count) >♦ Destination 


ROXd]Rx,Dy 
ROXd] #(data).Dy 
ROXdl (ea) 


RTD 


(SP) ^ PC; SP + 4 + d -► SP 


RTD #(displacement) 


RTE 


If supervisor state 

the (SP) -» SR; SP + 2 -» SP; (SP) ^ PC; 

SP + 4 -•• SP; 

restore state and deallocatestacic accordingto(SP) 

else TRAP 


RTE 


RTR 


(SP)»*CCR;SP + 2-»SP; 
(SP)=*PC;SP + 4-».SP 


RTR 


RTS 


(SP) -» PC; SP + 4 -.> SP 


RTS 


SBCD 


Destinationio - Sourceio - X => Destination 


SBCD Dx,Dy 
SBCD-(Ax),-(Ay) 


Sec 


If Condition Taie 
then Is >* Destination 
elseOs^ Destination 


Scc(ea) 


STOP 


If supervisor state 
then Immediate Data <■* SR; STOP 
else TRAP 


STOP #(data) 


SUB 


Destination - Source -*■ Destination 


SUB (ea).Dn 
SUB Dn.(ea) 


SUBA 


Destination - Source => Destination 


SUBA (ea).An 


SUBI 


Destination - Immediate Data -* Destination 


SUBI «(data),(ea) 


SUBQ 


Destination - Immediate Data =» Destination 


SUBQ#<data).(ea) 


SUBX 


Destination - Source - X -» Destination 


SUBX Dx,Dy 
SUBX-(Ax),-(Ay) 


SWAP 


Register [31:16] <M> Register [15:0] 


SWAP Dn 


TAS 


Destination Tested '=> Condition Codes; 
1 -» bit 7 of Destination 


TAS (ea) 


TBLS 


ENTRY(n) + {(ENTRY(n + 1) - ENTRY(n)) x 
Dx[7:0]}/256=> Dx 


TBLS.^size) (ea), Dx 
TBLS.(size) Dym:Dyn, Dx 


TBLSN 


ENTRY(n) x 256 + {(ENTRY(n + 1) - ENTRY(n)) x 
Dx[7:0]}=» Dx 


TBLSN.(size)(ea).Dx 
TBLSN.(size) Dym:Dyn, Dx 


TBLU 


ENTRY(n) + {(ENTRY(n + 1) - ENTRY(n)) x 
Dx[7:0]}/256=>Dx 


TBLU.(sizeWea).Dx 
TBLU.(size) Dym:Dyn, Dx 


TBLUN 


ENTRY(n) x 256 + {(ENTRY(n + 1) - ENTRY(n)) x 
Dx[7:0]} -• Dx 


TBLUN.(size)(ea),Dx 
TBLUN.(size) Dym:Dyn,Dx 


TRAP 


SSP - 2 => SSP; Fomfiat/Offset =* (SSP); 
SSP - 4 -► SSP; PC -». (SSP); SSP - 2 -» SSP; 
SR => (SSP); Vector Address ^ PC 


TRAP #(vector) 


TRAPcc 


If cc then TRAP 


TRAPcc 

TRAPcc.W#(data) 

TRAPcc.L#(data) 


TRArV 


ifvihenTHAK 


TRAPV 


TST 


Destination Tested ^ Condition Codes 


TST(ea) 


UNLK 


An -* SP; (SP) -*. An;SP + 4-> SP 


UNLK An 



NOTE 1 : d is direction. L or R. 
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5.3.3.1 CONDITION CODE REGISTER. The COR portion of the SR contains five bits that 
indicate the result of a processor operation. Table 5-3 lists the effect of each instruction on 
these bits. The carry bit and the multiprecision extend bit are separate in the M68000 
Family to simplify programming techniques that use them. Refer to Table 5-7 as an 
example. 



Table 5-3. Condition Code Computations 


Operations 


X 


N 


z 


V 


c 


Special Definition 


ABCD 


* 


U 


? 


u 


? 


C = Decimal Carry 
Z = ZAroTiA...ARO 


ADD, ADDI, ADDQ 


* 


* 


* 


? 


? 


V = Sm A Dm A Rm V Sm A Dm A Rm 
C = Sm A Dm V Rm A Dm V Sm A Rm 


ADDX 


* 




? 


? 


? 


V = Sm A Dm A Rm V Sm A Dm A Rm 
C = Sm A Dm V Rm A Dm V Sm A Rm 
Z = Z A Rm A ... A RO 


AND, ANDI, EGR, EORI, 
MOVEQ, MOVE, OR. 
ORI, CLR, EXT, NOT, 
TAS, TST 




* 


* 










CHK 


— 


• 


u 


u 


u 




CHK2. CMP2 


~~ 


u 


? 


u 


? 


Z = (R = LB) V (R = UB) 
C = (LB < UB) A (IR < LB) V (R > UB) V 
(UB < LB) A (R > UB) A (R < LB) 


SUB, SUBI, SUBQ 


* 


* 


* 


? 


? 


V = Sm A Dm A Rim V Sm A Dm A Rm 
C = Sm A Dm V Rm A Dm V Sm A Rm 


SUBX 






? 


? 


? 


V = Sm A Dm A Rm V Sm A Dm A Rm 
C = Sm A Dm V Rm A Dm V Sm A Rm 
Z = Z A Rm A ... A RO 


CMP, CMPI, CMPM 


— 


* 


• 


? 


? 


V = Sm A Dm A Rm V Sm A Dm A Rm 
C = Sm A Dm V Rm A Dm V Sm A Rm 


DIVS, DIVU 


— 


* 


* 


? 





V = Division Overflow 


MULS, MULU 


— 


* 


• 


? 





V = Multiplication Overflow 


SBCD, NBCD 


* 


u 


? 


u 


7 


C = Decimal Borrow 
Z = Z A Rm A ... A RO/ 


NEG 


* 


* 


* 


? 


? 


V = Dm A Rm 
C = Dm V Rm 


NEGX 


* 




? 


? 


? 


V = Dm A Rm 
C = Dm V Rm 
Z = Z A Rm A ... A RO 


ASL 


* 


* 




? 


? 


V = Dm A (Dm - 1 V ... V Dm - r) V Dm A 

(Dm-1 V... + Dm-r) 
C = Dm-r+1 


ASL(r = 0) 


— 


* 


* 










LSL, ROXL 


• 


* 


* 





? 


C = Dm - r + 1 


LSR(r = 0) 


— 


• 


* 










RGXL(r = 0) 


— 


* 


* 





? 


C = X 


RGL 


— 


* 


• 





? 


C = Dm-r+1 


ROL(r = 0) 


— 


* 


* 










ASR, LSR,RGXR 


* 


* 


* 





? 


C = Dr-1 


ASR,LSR(r = 0) 


— 


* 


* 










RGXR(r = 0) 


— 


* 


* 





? 


C = X 
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Table 5-3. Condition Code Computations (Continued) 



Operations 


X 


N 


Z 


V 





Special Definition 


ROR 


— 


• 


* 





? 


C = Dr-1 


ROR(r = 0) 


— 


* 


* 












NOTE: The following notations apply to this table only. 








— = 


Not affected 


Sm 


= 


Source operand MSB 


U = 


Undefined 


Dm 


= 


Destination operand MSB 


? = 


See special definition 


Rm 


= 


Result operand MSB 


* = 


General case 


R 


= 


Register tested 


X = 


C 


n 


= 


Bit Number 


N = 


Rm 


r 


= 


Shift count 


Z = 


Rm A... ARO 


LB 


= 


Lower bound 


A - 


Boolean AND 


UB 


= 


Upper bound 


V = 


Boolean OR 


Rm 


= 


NOTRm 



5.3.3.2 DATA IVIOVEiVIENT INSTRUCTIONS. The IVIOVE instruction is the basic means of 
transferring and storing address and data. I\/I0VE instructions transfer byte, word, and 
iong-word operands from memory to memory, memory to register, register to memory, 
and register to register. Address movement instructions (IVIOVE or l\/IOVEA) transfer word 
and long-word operands and ensure that only valid address manipulations are executed. 

In addition to the general MOVE instructions, there are several special data movement 
instructions — move multiple registers (MOVEM), move peripheral data (MOVEP), move 
quick (MOVEQ), exchange registers (EXG), load effective address (LEA), push effective 
address (PEA), link stack (LINK), and unlink stack (UNLK). Table 5-4 is a summary of the 
data movement operations. 





Table 5-4. Data Movement Operations 


Instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


EXG 


Rn, Rn 


32 


Rn=»Rn 


LEA 


<ea), An 


32 


(ea) => An 


LINK 


An, #<d> 


16,32 


SP - 4 =» SP, An => (SP); SP => An, SP + d => SP 


MOVE 


<ea), <ea) 


8, 16, 32 


Source =^ Destination 


MOVEA 


<ea), An 


16, 32=*. 32 


Source ^ Destination 


MOVEM 


list, <ea) 
(ea), list 


16,32 
16, 32=*^ 32 


Listed registers '^ Destination 
Source => Listed registers 


MOVEP 


Dn, (di6. An) 
(di6.An), Dn 


16,32 


Dn [31 :24] => (An + d); Dn [23:16] => (An + d + 2); 

Dn [1 5:8] => (An + d + 4); Dn [7:0] => (An + d + 6) 
(An + d) =*. Dn [31:24]; (An + d + 2) => Dn [23:16]; 

(An + d + 4) -► Dn [15:8]; (An + d + 6) -». Dn [7:0] 


MOVEQ 


#(data), Dn 


8=>32 


Immediate Data => Destination 


K-hA 


^ea> 


32 


SK - 4 => sP; <ea) =* SP 


UNLK 


An 


32 


An => SP; (SP) => An, SP + 4 => SP 
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5.3.3.3 INTEGER ARITHMETIC OPERATIONS. The arithmetic operations include the 
four basic operations of add (ADD), subtract (SUB), multiply (MUL), and divide (DIV) as 
well as arithmetic compare (CMP, CMPM, CMP2), clear (CLR), and negate (NEG). The 
instruction set includes ADD, CMP, and SUB instructions for both address and data 
operations with all operand sizes valid for data operations. Address operands consist of 
16 or 32 bits. The clear and negate instructions apply to all sizes of data operands. 

Signed and unsigned MUL and DIV instructions Include: 

• Word multiply to produce a long-word product 

• Long-word multiply to produce a long-word or quad-word product 

• Division of a long-word dividend by a word divisor (word quotient and word 
remainder) 

• Division of a long-word or quad-word dividend by a long-word divisor (long-word 
quotient and long-word remainder) 

A set of extended instructions provides multiprecision and mixed-size arithmetic. These 
instructions are add extended (ADDX), subtract extended (SUBX), sign extend (EXT), and 
negate binary with extend (NEGX). Refer to Table 5-5 for a summary of the integer 
arithmetic operations. 
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Table 5-5. Integer Arithmetic Operations 


Instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


ADD 


Dn, (ea) 
(ea), Dn 


8, 16, 32 
8, 16, 32 


Source + Destination => Destination 


ADDA 


(ea). An 


16,32 


Source + Destination => Destination 


ADDI 


#(data), (ea) 


8, 16, 32 


Immediate Data + Destination =» Destination 


ADDQ 


#(data), (ea) 


8, 16, 32 


Immediate Data + Destination => Destination 


ADDX 


Dn, Dn 
-(An). -(An) 


8, 16, 32 
8, 16, 32 


Source -t- Destination + X => Destination 


CLR 


(ea) 


8, 16, 32 


=> Destination 


CMP 


(ea), Dn 


8, 16, 32 


(Destination - Source), CCR shows results 


CMPA 


(ea). An 


16,32 


(Destination - Source), CCR shows results 


CMPI 


#(data), (ea) 


8, 16, 32 


(Destination - Immediate Data), CCR shows results 


CMPM 


(An) +, (An) + 


8, 16, 32 


(Destination - Source), CCR shows results 


CMP2 


(ea), Rn 


8, 16, 32 


Lower bound £ Rn ^ Upper Bound, CCR shows 
results 


DIVS/DIVU 
DIVSL/DIVUL 


(ea), Dn 
(ea), Dr:Dq 

(ea), Dq 
(ea), Dr:Dq 


32/16 => 16:16 
64/32 => 32:32 

32/32 => 32 
32/32 => 32:32 


Destination/Source => Destination (signed or 
unsigned) 


EXT 


Dn 
Dn 


8=*16 

16=:>32 


Sign Extended Destination => Destination 


EXTB 


Dn 


8^32 


Sign Extended Destination => Destination 


MULS/MULU 


(ea), Dn 

(ea), Dl 

(ea), Dh:DI 


16x16=9'32 
32 X 32 => 32 
32 X 32 => 64 


Source x Destination =>» Destination (signed or 
unsigned) 


NEG 


(ea) 


8, 16, 32 


- Destination => Destination 


NEGX 


(ea) 


8, 16, 32 


- Destination - X =» Destination 


SUB 


(ea), Dn 
Dn, (ea) 


8, 16, 32 


Destination - Source => Destination 


SUBA 


(ea), An 


16, 32 


Destination - Source =^ Destination 


SUBI 


#(data),(ea) 


8, 16, 32 


Destination - Immediate Data => Destination 


SUBQ 


#(data),(ea) 


8, 16, 32 


Destination - Immediate Data => Destination 


SUBX 


Dn, Dn 
-(An), -(An) 


8, 16, 32 
8, 16, 32 


Destination - Source - X => Destination 


TBLS/TBLU 


(ea), Dn 
Dym:Dyn, Dn 


8, 16, 32 


Dyn - Dym =* Temp 
(Temp X Dn [7:0]) => Temp 
(Dym X 256) + Temp => Dn 


TBLSN/TBLUN 


(ea), Dn 
Dym:Dyn, Dn 


8, 16, 32 


Dyn - Dym =* Temp 

(Temp X Dn [7:0]) / 256 =*• Temp 

Dym + Temp =* Dn 
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5.3.3.4 LOGIC INSTRUCTIONS. The logical operation instructions (AND, OR, EOR, and 
NOT) perform logical operations witli ail sizes of integer data operands. A similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these logical operations with all 
sizes of immediate data. The test (TST) instruction arithmetically compares the operand 
with zero, placing the result in the OCR. Table 5-6 summarizes the logical operations. 



Table 5-6. Logic Operations 



Instruction 


Operand 
Syntax 


Operand 
size 


Operation 


AND 


<ea>, Dn 
Dn, <ea> 


8, 16, 32 
8,16,32 


Source A Destinktion ^ Destination 


ANDI 


#(data), (ea) 


8, 16, 32 


Immediate Data A Destination => Destination 


EOR 


Dn, <ea> 


8, 16. 32 


Source ® Destination -♦ Destination 


EORI 


#<data),(ea) 


8,16,32 


Immediate Data ® Destination ^ Destination 


NOT 


<ea> 


8. 16, 32 


Destination => Destination 


OR 


<ea), Dn 
Dn, (ea) 


8,16,32 
8, 16, 32 


Source V Destination => Destination 


ORI 


#<data),<ea) 


8, 16, 32 


Immediate Data V Destination -» Destination 


TST 


(ea> 


8,16,32 


Source - 0, to set condition codes 




5.3.3.5 SHIFT AND ROTATE INSTRUCTIONS. The arithmetic shift instructions, ASR and 
ASL, and logical shift instructions, LSR and LSL, provide shift operations in both 
directions. The ROR, ROL, ROXR, and ROXL instructions perform rotate (circular shift) 
operations, with and Without the extend bit. All shift and rotate operations can be 
performed on either registers or memory. 

Register shift and rotate operations shift all operand sizes. The shift count may be 
specified in the instruction operation word (to shift from 1 to 8 places) or in a register 
(modulo 64 shift count). 

Memory shift and rotate operations shift word-length operands one bit position only. The 
SWAP instruction exchanges the 16-bit halves of a register. Performance of shift/rotate 
instructions is enhanced so that use of the ROR and ROL instructions with a shift count of 
eight allows fast byte swapping. Table 5-7 is a summary of the shift and rotate operations. 



MOTOROLA 



MC68360 USER'S MANUAL 



5-23 






Table 5-7. Shift and Rotate Operations 


Instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


ASL 


Dn, Dn 

#<data), Dn 
<ea) 


8, 16, 32 

8,16,32 

16 










ASR 


Dn, Dn 

#<data), Dn 
<ea) 


8, 16, 32 

8, 16, 32 

16 








1 




LSL 


Dn, Dn 

#<data), Dn 

<ea> 


8, 16, 32 

8, 16, 32 

16 




x/c ■<— < <— 




LSR 


Dn, Dn 

#<data), Dn 

<ea) 


8, 16, 32 

8, 16, 32 

16 






^ ^ ^ x/c 




ROL 


Dn, Dn 

#<data), Dn 

<ea) 


8, 16, 32 

8,16,32 

16 






C "^-l— -< <-• 




ROR 


Dn, Dn 

#<data), Dn 

<ea> 


8, 16, 32 

8,16,32 

16 




L* ► -U> c 




ROXL 


Dn, Dn 

#<data), Dn 
<ea> 


8,16,32 

8,16,32 

16 




c <-L- < <— X ^-l 




ROXR 


Dn, Dn 

#<data>,Dn 
<ea) 


8,16,32 

8,16,32 

16 




U- X -> — ► -U- c 




SWAP 


Dn 


16 


1 i 


MSW LSW 


A 1 



5.3.3.6 BIT MANIPULATION INSTRUCTIONS. Bit manipulation operations are 
accomplished using the following instructions: bit test (BIST), bit test and set (BSET), bit 
test and clear (BCLR), and bit test and change (BCHG). All bit manipulation operations 
can be perfomned on either registers or memory. The bit number is specified as immediate 
data or in a data register. Register operands are 32 bits, and memory operands are 8 bits. 
Table 5-8 is a summary of bit manipulation instructions. 





Table 5-8. Bit Manipulation Operations 


instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


BCHG 


Dn, <ea> 
#(data),<ea> 


8,32 
8,32 


-((bit number) of destination) =* Z => bit of 
destination 


BCLR 


Dn, {ea) 
#<data), <ea> 


8,32 
8,32 


-((bit number) of destination) => Z; =» bit of 
destination 


DOCT 


#<data), <ea> 


8,32 


destination 


BTST 


Dn, <ea) 
#(data), (ea) 


8,32 
8,32 


-((bit number) of destination) => Z 
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5.3.3.7 BINARY-CODED DECIMAL (BCD) INSTRUCTIONS. Five instructions support 
operations on BCD numbers. Tiie aritlimetic operations on packed BCD numbers are add 
decimal with extend (ABCD), subtract decimal with extend (SBCD), and negate decimal 
with extend (NBCD). Table 5-9 is a summary of the BCD operations. 

Table 5-9. Binary-Coded Decimal Operations 



Instruction 


Operand 
Syntax 


Operand 
size 


Operation 


ABCD 


Dn, Dn 
-(An). -(An) 


8 
8 


Sourceio + Destinationio + X =* Destination 


NBCD 


<ea) 


8 
8 


- Destinationio - X ^ Destination 


SBCD 


Dn, Dn 
-(An), -(An) 


8 
8 


Destinationi o - Sourcei o - X => Destination 




5.3.3.8 PR0GRAi\1 CONTROL INSTRUCTIONS. A set of subroutine call and return 
instructions and conditional and unconditional branch instructions perform program control 
operations. Table 5-10 summarizes these instructions. 

Table 5-10. Program Control Operations 



Instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


Conditional | 


Bcc 


(label) 


8,16,32 


If condition true, then PC + d =* PC 


DBcc 


Dn, (label) 


16 


If condition false, then Dn - 1 =» PC; 
ifDn,i(-1),thenPC + d=»PC 


Sec 


(ea) 


8 


If condition true, then destination bits are set to 1; 
else destination bits are cleared to 


Unconditional | 


BFU 


(label) 


8,16,32 


PC + d=>PC 


BSR 


(label) 


8,16,32 


SP -4 => SP; PC =» (SP); PC + d => PC 


MP 


(ea) 


none 


Destination => PC 


JSR 


(ea) 


none 


SP - 4 => SP; PC => (SP); destination =* PC 


NOP 


none 


none 


PC + 2 => PC 


Returns 


RTD 


#(d) 


16 


(SP)=»PC;SP + 4 + d=»SP 


RTR 


none 


none 


(SP) => CCR; SP + 2 => SP; (SP) => PC; SP + 4 => 
SP 


RTS 


none 


none 


(SP)=>PC;SP + 4=»SP 
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To specify conditions for change in program control, condition codes must be substituted 
for the letters "cc" in conditional program control opcodes. Condition test mnemonics are 
given below. Refer to 5.3.3.10 Condition Tests for detailed information on condition 
codes. 




CC — 


Carry clear 


cs — 


Carry set 


EQ — 


Equal 


F — 


False* 


GE — 


Greater or equal 


GT -- 


Greater than 


HI — 


High 


LE — 


Less or equal 



LS — 


Low or same 


LT — 


Less than 


Ml — 


Minus 


NE — 


Not equal 


PL — 


Plus 


T — 


True 


VC — 


Overflow clear 


VS — 


Overflow set 



*Not applicable to the Bcc instruction 

5.3.3.9 SYSTEM CONTROL INSTRUCTIONS. Privileged instructions, trapping 
instructions, and instructions that use or modify the OCR provide system control 
operations. All of these instructions cause the processor to flush the instruction pipeline. 
Table 5-1 1 summarizes the instructions. The preceding list of condition tests also applies 
to the TRAPcc instruction. Refer to 5.3.3.10 Condition Tests for detailed infomnation on 
condition codes. 
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Table 5-11. System Control Operations 


Instruction 


Operand 
Syntax 


Operand 
Size 


Operation 


Privileged | 


ANDI 


#<data), SR 


16 


Immediate Data A SR -*^ SR 


EORI 


#<data), SR 


16 


Immediate Data © SR => SR 


MOVE 


<ea>. SR 
SR. <ea) 


16 
16 


Souree -> SR 
SR => Destination 


MOVEA 


USP, An 
An. USP 


32 
32 


USP->An 
An -» USP 


MOVEC 


Re, Rn 
Rn, Re 


32 
32 


Re=*Rn 
Rn-»Re 


MOVES 


Rn, <ea) 
<ea), Rn 


8,16,32 


Rn => Destination using DFC 
Source using SFC -» Rn 


OR! 


#<data). SR 


16 


Immediate Data V SR => SR 


RESET 


none 


none 


Assert RESET line 


RTE 


none 


none 


(SP) =» SR; SP + 2 => SP; (SP) =» PC; SP + 4 => 
SP; restore stack according to format 


STOP 


#<data> 


16 


Immediate Data -^ SR; STOP 


LPSTOP 


#<data) 


none 


Immediate Data => SR; internipt mask=» EBI; 
STOP 


Trap Generating | 


BKPT 


#<data) 


none 


If breakpoint cycle acknowledged, then execute 
returned operation word, else trap as illegal 
instruction. 


BOND 


none 


none 


If backgroundmode enabled, then enter background 
mode, else fomnat/vector offset => - (SSP); 
PC -» - (SSP); SR =» - (SSP); (vector) => PC 


CHK 


(ea), Dn 


16,32 


If Dn < or Dn < (ea), then CHK exception 


CHK2 


<ea), Rn 


8, 16, 32 


If Rn < lower bound or Rn > upper bound, then 
CHK exception 


IllFGAL 


none 


none 


SSP - 2 => SSP; vector offset => (SSP); 
SSP-4-»SSP;PC=>(SSP); 
SSP - 2 => SSP; SR => (SSP); 
llegal instruction vector address ^ PC 


TRAP 


#<data> 


none 


SSP - 2 => SSP; fonnat/vector offset =* (SSP); 
SSP - 4 => SSP; PC =» (SSP); SR => (SSP); 
vector address >» PC 


TRAPcc 


none 
#<data) 


none 
16,32 


If cc true, then TRAP exception 


TRAPV 


none 


none 


If V set, then overflow TRAP exception 


Condition Code Register 


ANDI 


#<data>,CCR 


8 


Immediate Data A OCR =* OCR 


EORI 


#<data), OCR 


8 


Immediate Data © OCR => OCR 


MOVE 


<ea>, OCR 
CCR,<ea) 


16 
16 


Source >♦ CCR 
CCR => Destination 


ORI 


#<data),CCR 


8 


Immediate Data V CCR >*^ CCR 
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5.3.3.10 CONDITION TESTS. Conditional program control instructions and the TRAPcc 
instruction execute on the basis of condition tests. A condition test is the evaluation of a 
logical expression related to the state of the CCR bits. If the result is 1 , the condition is 
true. If the result Is 0, the condition is false. For example, the T condition Is always true, 
and the EQ condition is true only if the Z-bit condition code is true. Table 5-12 lists each 
condition test. 

Table 5-12. Condition Tests 




Mnemonic 


Condition 


Encoding 


Test 


T 


True 


0000 


1 


F* 


False 


0001 





HI 


High 


0010 


C»Z 


LS 


Low or Same 


0011 


C + Z 


CO 


Carry Clear 


0100 





OS 


Carry Set 


0101 


c 


NE 


Not Equal 


0110 


z 


EQ 


Equal 


0111 


z 


VC 


Overflow Clear 


1000 


V 


VS 


Overflow Set 


1001 


V 


PL 


Plus 


1010 


N 


Ml 


Minus 


1011 


N 


GE 


Greater or Equal 


1100 


N»V+N«V 


LT 


Less Tiian 


1101 


N»V+N»V 


GT 


Greater Than 


1110 


N.VZ + N* VZ 


LE 


Less or Equal 


1111 


Z+N»V+N»V 



* Not available for the Boo instruction. 
• = Boolean AND 
+ = Boolean OR 
N = Boolean NOT 



5.3.4 Using the TBL Instructions 

There are four TBL instructions. TBLS retums a signed, rounded byte, word, or long-word 
result. TBLSN returns a signed, unrounded byte, word, or long-word result. TBLU returns 
an unsigned, rounded byte, word, or long-word result. TBLUN returns an unsigned, 
unrounded byte, word, or long-word result. All four instructions support two types of 
interpolation data: an n-element table stored in memory and a two-element range stored in 
a pair of data registers. The latter form provides a means of performing surface (3D) 
interpolation between two previously calculated linear interpolations. 

The following examples show how to compress tables and use fewer interpolation levels 
between table entries. Example 1 (see Figure 5-7) demonstrates TBL for a 257-entry 
table, allowing up to 256 interpolation levels between entries. Example 2 (see Figure 5-8) 
reduces table length for the same data to four entries. Example 3 (see Figure 5-9) 
demonstrates use of an 8-bit independent variable with an instruction. 
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Two additional examples show how TBLSN can reduce cumulative error when multiple 
table lookup and interpolation operations are used in a calculation. Example 4 
demonstrates addition of the results of three table interpolations. Example 5 illustrates use 
of TBLSN In surface interpolation. 

5.3.4.1 TABLE EXAMPLE 1: STANDARD USAGE. The table consists of 257 word 
entries. As shown in Figure 5-7, the function is linear within the range 32768 ^ X ^ 49152. 
Table entries within this range are as given in Table 5-13 . 



Table 5-13. Standard Usage Entries 



Entry Number 


X-Value 


Y-Value 


128* 


32768 


1311 


162 


41472 


1659 


163 


41728 


1669 


164 


41984 


1679 


165 


42240 


1690 


192* 


49152 


1966 




'These values are the end points of the range. 
All entries between these points fall on the line. 




INDEPENDENT VARIABLE 

Figure 5-7. Table Example 1 
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The table instruction is executed with the following bit pattern in Dx: 



31 



16 15 



NOT USED 



10100011 10000000 



Table Entry Offset => Dx [8:15] = $A3 = 163 
Interpolation Fraction => Dx [0:7] = $80 = 128 
Using this information, the table instruction calculates dependent variable Y: 

Y = 1669 + (128 (1679 - 1669)) / 256 = 1674 




5.3.4.2 TABLE EXAMPLE 2: COMPRESSED TABLE. In Example 2 (see Figure 5-8), the 
data from Example 1 has been compressed by limiting the maximum value of the 
Independent variable. Instead of the range ^ X =: 65535, X is limited to ^ X ^ 1023. 
The table has been compressed to only five entries, but up to 256 levels of interpolation 
are allowed between entries. 




INDEPENDENT VARIABLE 



Figure 5-8. Table Example 2 



NOTE 



Extreme table compression with many levels of interpolation is 
possible only with highly linear functions. The table entries 
within the range of interest are listed in Table 5-14. 
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Table 5-14. Compressed Table Entries 



Entry Number 


X-Valua 


Y-Value 


2 


512 


1311 


3 


786 


1966 



Since the table is reduced from 257 to 5 entries, independent variable X must be scaled 
appropriately. In this case the scaling factor is 64, and the scaling is done by a single 
instruction: 

LSR.W #6,Dx 

Thus, Dx now contains the following bit pattern: 



31 



16 15 



NOT USED 



0000001010001110 




Table Entry Offset => Dx [8:15] = $02 = 2 
Interpolation Fraction => Dx [0:7] = $8E = 142 
Using this information, the table instruction calculates dependent variable Y: 

Y = 1331 + (142 (1966 - 131 1)) / 256 = 1674 

The function chosen for Examples 1 and 2 is linear between data points. If another 
function had been used, interpolated values might not have been identical. 

5.3.4.3 TABLE EXAMPLE 3: 8-BIT INDEPENDENT VARIABLE. This example shows 
how to use a table instruction within an interpolation subroutine. Independent variable X is 
calculated as an 8-bit value, allowing 16 levels of interpolation on a 17-entry table. X is 
passed to the subroutine, which returns an 8-bit result. The subroutine uses the data listed 
in Table 5-15, based on the function shown in Figure 5-9. 
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INDEPENDENT VARIABLE 



Figure 5-9. Table Example 3 



Table 5-15. 8-Bit Independent 
Variable Entries 



X 

(Subroutine) 


X 

(Instruction) 


Y 











1 


256 


16 


2 


512 


32 


3 


768 


48 


4 


1024 


64 


5 


1280 


80 


6 


1536 


96 


7 


1792 


112 


8 


2048 


128 


9 


2304 


112 


10 


2560 


96 


11 


2816 


80 


12 


3072 


64 


13 


3328 


48 


14 


3584 


32 


15 


3840 


16 


16 


4096 






Tiie first column is tlie value passed to the subroutine, tlie second column is the value 
expected by the table instruction, and the third column is the result returned by the 
subroutine. 
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The following value has been calculated for Independent variable X: 

31 16 15 



I NOT USED 



0000000010111101 



Since X is an 8-bit value, the upper four bits are used as a table offset, and the lower four 
bits are used as an interpolation fraction. The following results are obtained from the 
subroutine: 

Table Entry Offset => Dx [4:7] = $B = 1 1 
Interpolation Fraction => Dx [0:3] = $D = 13 
Thus, Y is calculated as follows: 

Y = 80 + (1 3 (64 - 80)) / 1 6 = 67 

If the 8-bit value for X were used directly by the table instruction, interpolation would be 
incorrectly perfomned between entries and 1. Data must be shifted to the left four places 
before use: 

LSLW#4, Dx 

The new range for X is ^ X ^ 4096; however, since a left shift fills the least significant 
digits of the word with zeros, the Interpolation fraction can only have one of 16 values. 

After the shift operation, Dx contains the following value: 




31 




16 


15 















1 NOT USED 


10 1 


1 


1 


1 





1 






Execution of the table instruction using the new value in Dx yields: 
Table Entry Offset => Dx [8:1 5] = $0B = 1 1 

interpolation Fraction => Dx [0:7] = $D0 = 208 

Thus, Y is calculated as follows: 

Y = 80 + (208 (64 - 80)) / 256 = 67 

5.3.4.4 TABLE EXAMPLE 4: MAINTAINING PRECISION. In this example, three TBL 
operations are performed and the results are summed. The calculation is done once with 
the result of each TBL rounded before addition and once with only the final result rounded. 
Assume that the result of the three interpolations are as follows (a "." indicates the binary 
radix point). 

TBL #1 001 0000 .0111 0000 

TBL#2 0011 1111 .0111 0000 

TBL # 3 0000 0001 . 01 1 1 0000 
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First, the results of each TBL are rounded with the TBLS round-to-nearest-even algorithm. 
The following values would be returned by TBLS: 



TBL#1 
TBL #2 
TBL #3 



0010 0000 

0011 1111 
0000 0001 




Summing, the following result is obtained: 

0010 0000. 

0011 1111. 
0000 0001 . 
0110 0000. 

Now, using the same TBL results, the sum is first calculated and then rounded according 
to the same algorithm: 

0010 0000.0111 0000 

0011 1111 .0111 0000 
0000 0001.0111 0000 
0110 0001 .0101 0000 



Rounding yields: 



0110 0001 



The second result is preferred. The following code sequence illustrates how addition of a 
series of table interpolations can be performed without loss of precision in the intennediate 
results: 

LO: 



TBLSN.B 


<ea>, Dx 




TBLSN.B 


(ea), Dx 




TBLSN.B 


<ea),DI 




ADD.L 


Dx, Dm 


Long addition avoids p 


ADD.L 


Dm, Dl 




ASR.L 


#8,DI 


Move radix point 


BCC.B 


LI 


Fraction MSB in carry 


ADDQ.B 


#1,DI 





LI: 
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5.3.4.5 Table Example 5: Surface interpolations. The various forms of table can be 
used to perform surface (3D) TBLs. l-iowever, since the calculation must be split into a 
series of 2D TBLs, it is possible to lose precision in the intemfiediate results. The following 
code sequence, incorporating both TBLS and TBLSN, eliminates this possibility. 

LO: 



MOVE.W 


DX.DI 


Copy entry number and fraction i 


TBLSN.B 


(ea), Dx 




TBLSN.B 


<ea>,DI 




TBLS.W 


Dx:DI, Dm 


Surface interpolation, with round 


ASR.L 


#8. Dm 


Read just the result 


BCC.B 


LI 


No round necessary 


ADDQ.B 


#1.DI 


Half round up 


LI:... 







Before execution of this code sequence, Dx must contain fraction and entry numbers for 
the two TBL, and Dm must contain the fraction for surface interpolation. The <ea) fields in 
the TBLSN instructions point to consecutive columns in a 3D table. The TBLS size 
parameter must be word if the TBLSN size parameter is byte, and must be long word if 
TBLSN is word. Increased size is necessary because a larger number of significant digits 
is needed to accommodate the scaled fractional results of the 2D TBL. 

5.3.5 Nested Subroutine Calls 

The LINK instruction pushes an address onto the stack, saves the stack address at which 
the address is stored, and resen/es an area of the stack for use. Using this instruction in a 
series of subroutine calls will generate a linked list of stack frames. 

The UNLK instruction removes a stack frame from the end of the list by loading an 
address into the SP and pulling the value at that address from the stack. When the 
instruction operand is the address of the link address at the bottom of a stack frame, the 
effect is to remove the stack frame from both the stack and the linked list. 

5.3.6 Pipeline Synchironization with the NOP Instruction 

Although the no operation (NOP) instruction performs no visible operation, it does force 
synchronization of the instruction pipeline, since all previous instructions must complete 
execution before the NOP begins. 

5.4 PROCESSING STATES 

This section describes the processing states of the CPU32+. It includes a functional 
description of the bits in the supervisor portion of the SR and an overview of actions taken 
by the processor in response to exception conditions. 
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5.4.1 State Transitions 

The processor is always in one of four processing states: normal, background, exception, 
or halted. 

When the processor fetches instructions and operands or executes instructions, it is in the 
normal processing state. The stopped condition, which the processor enters when a 
STOP or LPSTOP instruction Is executed, is a variation of the normal state In which no 
further bus cycles are generated. 

Background state is an alternate operational mode used for system debugging. Refer to 
5.6 Development Support for more information. 

Exception processing refers specifically to the transition from normal processing of a 
program to normal processing of system routines, interrupt routines, and other exception 
handlers. Exception processing includes the stack operations, the exception vector fetch, 
and the filling of the instruction pipeline caused by an exception. Exception processing 
ends when execution of an exception handler routine begins. Refer to 5.5 Exception 
Processing for comprehensive information. 

A catastrophic system failure occurs if the processor detects a bus error or generates an 
address error while in the exception processing state. This type of failure halts the 
processor. For example, if a bus error occurs during exception processing caused by 
another bus error, the CPU32+ assumes that the system is not operational and halts. 

The halted condition should not be confused with the stopped condition. After the 
processor executes a STOP or LPSTOP instruction, execution of instructions can resume 
when a trace, interrupt, or reset exception occurs. 

5.4.2 Privilege Levels 

To protect system resources, the processor can operate with either of two levels of 
access — user or supervisor. Supervisor level is more privileged than user level. All 
instructions are available at the supervisor level, but execution of some instructions is not 
permitted at the user level. There are separate SPs for each level. The S-bit in the SR 
indicates privilege level and determines which SP is used for stack operations. The 
processor identifies each bus access (supervisor or user mode) via function codes to 
enforce supervisor and user access levels. 

In a typical system, most programs execute at the user level. User programs can access 
only their own code and data areas and are restricted from accessing other information. 
The operating system executes at the supervisor privilege level, has access to all 
resources, perfomis the overhead tasks for the user level programs, and coordinates their 

5.4.2.1 SUPERVISOR PRIVILEGE LEVEL. If the S-bit in the SR is set, supervisor 
privilege level applies, and all instructions are executable. The bus cycles generated for 
instructions executed in supervisor level are normally classified as supervisor references, 
and the values of the function codes on FC2-FC0 refer to supervisor address spaces. 
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All exception processing is performed at the supervisor level. All bus cycles generated 
during exception processing are supervisor references, and all stack accesses use the 
SSP. 

Instructions that have important system effects can only be executed at supervisor level. 
For instance, user programs are not permitted to execute STOP, LPSTOP, or RESET 
Instructions. To prevent a user program from gaining privileged access, except in a 
controlled manner, Instructions that can alter the S-bit In the SR are privileged. The TRAP 
#n instruction provides controlled user access to operating system services. 

5.4.2.2 USER PRIVILEGE LEVEL. If the S-bit in the SR Is cleared, the processor 
executes instructions at the user privilege level. The bus cycles for an instruction executed 
at the user privilege level are classified as user references, and the values of the function 
codes on FC2-FC0 specify user address spaces. While the processor is at the user level. 
Implicit references to the system SP and explicit references to address register seven (A7) 
refer to the USP. 

5.4.2.3 CHANGING PRIVILEGE LEVEL. To change from user privilege level to 
supervisor privilege level, a condition that causes exception processing must occur. When 
exception processing begins, the current values in the SR, Including the S-bit, are saved 
on the supervisor stack, and then the S-bit is set to enable supervisor access. Execution 
continues at supervisor privilege level until exception processing is complete. 

To return to user access level, a system routine must execute one of the following 
instructions: MOVE to SR, ANDI to SR, EORI to SR, ORI to SR, or RTE. These 
instructions execute only at supervisor privilege level and can modify the S-bit of the SR. 
After these Instructions execute, the instruction pipeline is flushed, then refilled from the 
appropriate address space. 

The RTE Instruction causes a return to a program that was executing when an exception 
occurred. When RTE is executed, the exception stack frame saved on the supervisor 
stack can be restored in either of two ways. 

If the frame was generated by an interrupt, breakpoint, trap, or instruction exception, the 
SR and PC are restored to the values saved on the supervisor stack, and execution 
resumes at the restored PC address, with access level determined by the S-bit of the 
restored SR. 

If the frame was generated by a bus error or an address error exception, the entire 
processor state is restored from the stack. 

5.5 EXCEPTION PROCESSING 

An exception is a special condition that pre-empts normal processing. Exception 
processing is the transition from normal mode program execution to execution of a routine 
that deals with an exception. The following paragraphs discuss system resources related 
to exception handling, exception processing sequence, and specific features of individual 
exception processing routines. , 
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5.5.1 Exception Vectors 

An exception vector is the address of a routine tliat handles an exception. The VBR 
contains the base address of a 1024-byte exception vector table, which consists of 256 
exception vectors. Sixty-four vectors are defined by the processor, and 192 vectors are 
reserved for user definition as interrupt vectors. Except for the reset vector, which is two 
long words, each vector in the table is one long word. Refer to Table 5-16 for information 
on vector assignment. 

Table 5-16. Exception Vector Assignments 



Vector Number 


Vector Offset 


Assignment 


Dec 


Hex 


Space 








000 


SP 


Reset: Initial Stack Pointer 


1 


4 


004 


SP 


Reset: Initial Program Counter 


2 


8 


008 


SD 


Bus Error 


3 


12 


ooc 


SO 


Address Error 


4 


16 


010 


SD 


Illegal Instruction 


5 


20 


014 


SD 


Zero Division 


6 


24 


018 


SD 


CHK, CHK2 Instructions 


7 


28 


oic 


SD 


TRAPcc, TRAPV Instructions 


8 


32 


020 


SD 


Privilege Violation 


9 


36 


024 


SD 


Trace 


10 


40 


028 


SD 


Line 1010 Emulator 


11 


44 


020 


SD 


Line 1111 Emulator 


12 


48 


030 


SD 


Hardware Breakpoint 


13 


52 


034 


SD 


(Reserved for Coprocessor Protocol Violation) 


14 


56 


038 


SD 


Format Error 


15 


60 


030 


SD 


Uninitialized Interrupt 


1&-23 


64 
92 


040 
050 


SD 


(Unassigned, Reserved) 


24 


96 


060 


SD 


Spurious Interrupt 


25 


100 


064 


SD 


Level 1 Interrupt Autovector 


26 


104 


068 


SD 


Level 2 Interrupt Autovector 


27 


108 


060 


SD 


Level 3 Interntpt Autovector 


28 


112 


070 


SD 


Level 4 Interrupt Autovector 


29 


116 


074 


SD 


Level 5 Interrupt Autovector 


30 


120 


078 


SD 


Level 6 Interrupt Autovector 


31 


124 


070 


SD 


Level 7 Intermpt Autovector 


32-47 


128 
188 


080 
OBC 


SD 


Trap Instnjction Vectors (0-15) 


48-^58 


192 
232 


000 
0E8 


SD 


(Reserved for Coprocessor) 


59-63 


236 
252 


OEC 
OFC 


SD 


(Unassigned, Resented) 


64-255 


256 
1020 


100 
3FC 


SD 


User-Defined Vectors (192) 
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CAUTION 

Because there is no protection on tlie 64 processor-defined 
vectors, external devices can access vectors reserved for 
internal purposes. This practice is strongly discouraged. 

All exception vectors, except the reset vector, are located in supervisor data space. The 
reset vector is located in supervisor program space. Only the Initial reset vector is fixed in 
the processor memory map. When initialization is complete, there are no fixed 
assignments. Since the VBR stores the vector table base address, the table can be 
located anywhere in memory. It can also be dynamically relocated for each task executed 
by an operating system. 

Each vector is assigned an 8-bit number. Vector numbers for some exceptions are 
obtained from an external device; others are supplied by the processor. The processor 
multiplies the vector number by 4 to calculate vector offset, then adds the offset to the 
contents of the VBR. The sum is the memory address of the vector. 

5.5.1.1 TYPES OF EXCEPTIONS. An exception can be caused by Internal or external 
events. 

An internal exception can be generated by an instruction or by an error. The TRAP, 
TRAPcc, TRAPV, BKPT, CHK, CHK2, RTE, and DIV instructions can cause exceptions 
during normal execution. Illegal instructions, instruction fetches from odd addresses, word 
or long-word operand accesses from odd addresses, and privilege violations also cause 
Internal exceptions. 

Sources of external exception include interrupts, breakpoints, bus errors, and reset 
requests, interrupts are peripheral device requests for processor action. Breakpoints are 
used to support development equipment. Bus error and reset are used for access control 
and processor restart. 

5.5.1.2 EXCEPTION PROCESSING SEQUENCE. For all exceptions other than a reset 
exception, exception processing occurs in the following sequence. Refer to 5.5.2.1 Reset 
for details of reset processing. 

As exception processing begins, the processor makes an internal copy of the SR. After 
the copy is made, the processor state bits in the SR are changed— the S-bit is set, 
establishing supervisor access level, and bits T1 and TO are cleared, disabling tracing. For 
reset and Interrupt exceptions, the interrupt priority mask is also updated. 

Next, the exception number is obtained. For interrupts, the number is fetched from CPU 
space $F (the bus cycle is an interrupt acknowledge). For all other exceptions, internal 
logic provides a vector number. 

Next, current processor status is saved. An exception stack frame is created and placed 
on the supervisor stack. All stack frames contain copies of the SR and the PC for use by 
RTE. The type of exception and the context in which the exception occurs determine what 
other information is stored in the stack frame. 
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Finally, the processor prepares to resume normal execution of instructions. The exception 
vector offset is detenriined by multiplying the vector number by 4, and the offset is added 
to the contents of the VBR to determine displacement into the exception vector table. The 
exception vector is loaded into the PC. If no other exception is pending, the processor will 
resume nonrial execution at the new address in the PC. 

5.5.1.3 EXCEPTION STACK FRAME. During exception processing, the most volatile 
portion of the current context is saved on the top of the supervisor staclc. This context is 
organized in a format called the exception stack frame. 

The exception stack frame always includes the contents of SR and PC at the time the 
exception occurred. To support generic handlers, the processor also places the vector 
offset in the exception stack frame and marks the frame with a format code. The format 
field allows an RTE instruction to Identify stack information so that it can be properly 
restored. 

The general fomn of the exception stack frame is illustrated in Figure 5-10. Although some 
formats are peculiar to a particular M68000 family processor, format 0000 is always legal 
and always indicates that only the first four words of a frame are present. See 5.5.4 
CPU32+ Stack Frames for a complete discussion of exception stack frames. 



SP- 





15 









-» 


STATUS REGISTER 


' 


PROGRAM COUNTER HIGH 


PROGRAM COUNTER LOW 


FORMAT 


VECTOR OFFSET 


OTHER PROCESSOR STATE INFORMATION. 


(0,2, OR 8 WORDS) 



Figure 5-10. Exception Stack Frame 

5.5.1.4 MULTIPLE EXCEPTIONS. Each exception has been assigned a priority based on 
its relative importance to system operation. Priority assignments are shown in Table 5-17. 
Group exceptions have the highest priorities; group 4 exceptions have the lowest 
priorities. Exception processing for exceptions that occur simultaneously is done by 
priority, from highest to lowest. 

It is important to be aware of the difference between exception processing mode and 
execution of an exception handler. Each exception has an assigned vector that points to 
an associated handler routine. Exception processing includes steps described in 5.5.1.2 
Exception Processing sequence, but does not include execution of handier routines, 
which is done in nonnai mode. 
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When the CPU32+ completes exception processing, it is ready to begin either exception 
processing for a pending exception or execution of a handler routine. Priority assignment 
governs the order in which exception processing occurs, not the order in which exception 
handlers are executed. 



Table 5-17. Exception Priority Groups 



Group/ 
Priority 


Exception and 
Reiative Priority 


Characteristics 





Reset 


Aborts all processing (instruction or 
exception); does not save old context. 


1.1 
1.2 


Address Error 
Bus Error 


Suspends processing (instruction or 
exception); saves internal context. 


2 


BKPT#n, CHK, CHK2, 
Division by Zero, RTE, 
TRAP#n, TRAPcc, TRAPV 


Exception processing is a part of 
instruction execution. 


3 


illegal Instruction, Line A, 
Unimplemented Line F, 
Privilege Violation 


Exception processing begins before 
instruction execution. 


4.1 
4.2 
4.3 


Trace 

Hardware Breakpoint 

Interrupt 


Exception processing begins when current 
instruction or previous exception 
processing is complete. 




As a general rule, when simultaneous exceptions occur, the handler routines for lower 
priority exceptions are executed before the handler routines for higher priority exceptions. 
For example, consider the arrival of an interrupt during execution of a TRAP instruction 
while tracing is enabled. Trap exception processing (2) is done first, followed immediately 
by exception processing for the trace (4.1), and then by exception processing for the 
interrupt (4.3). Each exception places a new context on the stack. When the processor 
resumes normal instruction execution, it is vectored to the interrupt handler, which returns 
to the trace handler that returns to the trap handler. 

There are special cases to which the general rule does not apply. The reset exception will 
always be the first exception handled since reset clears all other exceptions. It is also 
possible for high-priority exception processing to begin before low-priority exception 
processing is complete. For example, if a bus error occurs during trace exception 
processing, the bus error will be processed and handled before trace exception 
processing has completed. 
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5.5.2 Processing of Specific Exceptions 

The following paragraphs provide details concerning sources of specific exceptions, how 
each arises, and how each is processed. 




5.5.2.1 RESET. Assertion of RESET by external hardware or assertion of the internal 
RESET signal by an internal module causes a reset exception. The reset exception has 
the highest priority of any exception. Reset is used for system initialization and for 
recovery from catastrophic failure. When the reset exception is recognized, it aborts any 
processing in progress, and that processing cannot be recovered. Reset performs the 
following operations: 

1 . Clears TO and T1 in the SR to disable tracing 

2. Sets the S-bit in the SR to establish supervisor privilege 

3. Sets the interrupt priority mask to the highest priority level (%1 1 1) 

4. Initializes the VBR to zero ($00000000) 

5. Generates a vector number to reference the reset exception vector 

6. Loads the first long word of the vector into the interrupt SP 

7. Loads the second long word of the vector into the PC 

8. Fetches and initiates decode of the first instruction to be executed 

Figure 5-1 1 is a flowchart of the reset exception 

After initial instruction prefetches, normal program execution begins at the address in the 
PC. The reset exception does not save the value of either the PC or the SR. 

if a bus error or address error occurs du ring res et exception processing, a double bus fault 
occurs, the processor halts, and the HALT signal is asserted to indicate the halted 
condition. 

Execution of the RESET instruction does not cause a reset exception nor does it affect 
any internal CPU register. The SIM40 registers and the module control register in each 
Internal peripheral module (DMA, timers, and serial modules) are not affected. All other 
internal peripheral module regist ers are reset the same as for a hardware reset. The 
external devices connected to the RESET signal are reset at the completion of the RESET 
instruction. 
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Figure 5-11. Reset Operation Flowchart 
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5.5.2.2 BUS ERROR. A bus error exception occurs when an assertion of the BERR signal 
is acknowledged. The BERR signal can be asserted by one of three sources: 

1 . External logic by assertion of the BERR Input pin 

2. Direct assertion of the internal BERR signal by an internal module 

3. Direct assertion of the internal BERR signal by the on-chip hardware watchdog 

after detecting a no-response condition 

Bus error exception processing begins when the processor attempts to use information 
from an aborted bus cycle. 

When the aborted bus cycle is an instruction prefetch, the processor will not Initiate 
exception processing unless the prefetched information is used. For example, if a branch 
instruction flushes an aborted prefetch, that word is not accessed, and no exception 
occurs. 

When the aborted bus cycle is a data access, the processor initiates exception processing 
immediately, except in the case of released operand writes. Released write bus errors are 
delayed until the next instruction boundary or until another operand access is attempted. 

Exception processing for bus error exceptions follows the regular sequence, but context 
preservation is more involved than for other exceptions because a bus exception can be 
initiated while an instruction is executing. Several bus error stack format organizations are 
utilized to provide additional information regarding the nature of the fault. 

First, any register altered by a faulted-instruction EA calculation is restored to its initial 
value. Then a special status word (SSW) is placed on the stack. The SSW contains 
specific information about the aborted access — size, type of access (read or write), bus 
cycle type, and function code. Finally, fault address, bus error exception vector number, 
PC value, and a copy of the SR are saved. 

If a bus error occurs during exception processing for a bus error, an address error, a reset, 
or while the processor is loading stack information during RTE execution, the processor 
halts. This simplifies isolation of catastrophic system fai lure by preventing processor 
interaction with stacks and memory. Only assertion of RESET can restart a halted 
processor. 

5.5.2.3 ADDRESS ERROR. Address error exceptions occur when the processor attempts 
to access an instruction, word operand, or long-word operand at an odd address. The 
effect Is much the same as an internally generated bus error. The exception processing 
sequence is the same as that for bus error, except that the vector number refers to the 
address error exception vector. 

Address error exception processing begins when the processor attempts to use 
Information from the aborted bus cycle. If the aoorted cycle is a data space access, 
exception processing begins when the processor attempts to use the data, except in the 
case of a released operand write. Released write exceptions are delayed until the next 
instruction boundary or attempted operand access. 
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An address exception on a branch to an odd address is delayed until the PC is changed. 
No exception occurs if the branch is not taken. In this case, the fault address and return 
PC value placed in the exception stack frame are the odd address, and the current 
instruction PC points to the instruction that caused the exception. 

If an address error occurs during exception processing for a bus error, another address 
error, or a reset, the processor halts. 

5.5.2.4 INSTRUCTION TRAPS. Traps are exceptions caused by instructions. They arise 
from either processor recognition of abnormal conditions during instruction execution or 
from use of specific trapping instructions. Traps are generally used to handle abnormal 
conditions that arise in control routines. 

The TRAP instruction, which always forces an exception, is useful for implementing 
system calls for user programs. The TRAPcc, TRAPV, CHK, and CHK2 instructions force 
exceptions when a program detects a run-time error. The DIVS and DIVU instructions 
force an exception if a division operation is attempted with a divisor of zero. 

Exception processing for traps follows the regular sequence. If tracing is enabled when an 
instruction that causes a trap begins execution, a trace exception will be generated by the 
instruction, but the trap handler routine will not be traced. (The trap exception will be 
processed first, then the trace exception.) 

The vector number for the TRAP instruction is internally generated — part of the number 
comes from the instruction itself. The trap vector number, PC value, and a copy of the SR 
are saved on the supervisor stack. The saved PC value is the address of the instruction 
that follows the instruction that generated the trap. For all instruction traps other than 
TRAP, a pointer to the instruction causing the trap is also saved in the fifth and sixth 
words of the exception stack frame. 

5.5.2.5 SOFTWARE BREAKPOINTS. To support hardware emulation, the CPU32+ must 
provide a means of inserting breakpoints into target code and of announcing when a 
breakpoint is reached. 

The MC68000 and MC68008 can detect an illegal instruction inserted at a breakpoint 
when the processor fetches from the illegal instruction exception vector location. Since the 
VBR on the CPU32+ allows relocation of exception vectors, the exception vector address 
is not a reliable indication of a breakpoint. CPU32+ breakpoint support is provided by 
extending the function of a set of illegal instructions ($4848-$484F). 

When a breakpoint instruction is executed, the CPU32+ performs a read from CPU space 
$0, at a location corresponding to the breakpoint number. If this bus cycle is terminated by 
BERR, the pr ocessor p erforms illegal instruction exception processing. If the bus cycle is 
terminated by DSACKx, the processor uses the data returned to replace the breakpoint in 
the instruction pipeline and begins execution of that instruction. See Section 4 Bus 
Operation for a description of CPU space operations. 

5.5.2.6 HARDWARE BREAKPOINTS. The CPU32+ recognizes hardware breakpoint 
requests. Hardware breakpoint requests do not force immediate exception processing, but 
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are left pending. An instruction breal<point is not made pending until the instruction 
corresponding to tlie request is executed. 

A pending breal<point can be acl<nowledged between instructions or at tlie end of 
exception processing. To acl<nowiedge a breal<point, the CPU performs a read from CPU 
space $0 at location $1 E (see Section 4 Bus Operation). 

If the bus cycle terminates normally, Instruction execution continues with t he nex t 
instruction as if no breal<point request occurred. If the bus cycle is terminated by BERR, 
the CPU begins exception processing. Data returned during this bus cycle is ignored. 

Exception processing follows the regular sequence. Vector number 12 (offset $30) is 
Internally generated. The PC of the executing instruction, the PC of the next instruction to 
be executed, and a copy of the SR are saved on the supervisor stack. 

5.5.2.7 FORMAT ERROR. The processor checks certain data values for control 
operations. The validity of the stack format code and, in the case of a bus cycle fault 
format, the version number of the processor that generated the frame are checked during 
execution of the RTE instruction. This check ensures that the program does not make 
erroneous assumptions about information in the stack frame. 

If the format of the control data is improper, the processor generates a format error 
exception. This exception saves a four-word format exception frame and then vectors 
through vector table entry number 14. The stacked PC is the address of the RTE 
instruction that discovered the format error. 

5.5.2.8 ILLEGAL OR UNIMPLEMENTED INSTRUCTIONS. An instruction is illegal if it 
contains a word bit pattern that does not correspond to the bit pattern of the first word of a 
legal CPU32+ instruction, if it is a IVIOVEC instruction that contains an undefined register 
specification field in the first extension word, or if it contains an indexed addressing mode 
extension word with bits 5-4 = 00 or bits 3-0 ^ 0000. 

If an illegal instruction is fetched during instruction execution, an illegal instruction 
exception occurs. This facility allows the operating system to detect program errors or to 
emulate instructions in software. 

Word patterns with bits 15-12 = 1010 (referred to as A-line opcodes) are unimplemented 
instructions. A separate exception vector (vector 10, offset $28) is given to unimplemented 
instructions to permit efficient emulation. 

Word pattems with bits 15-12 = 1111 (referred to as F-line opcodes) are used for M68000 
family instruction set extensions. They can generate an unimplemented instruction 
exception caused by the first extension word of the instruction or by the addressing mode 

exception vector. 
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All unimplemented instructions are reserved for use by Motorola for enhancements and 
extensions to the basic l\/I68000 architecture. Opcode pattern $4AFC is defined to be 
illegal on all M68000 family members. Those customers requiring the use of an 
unimplemented opcode for synthesis of "custom instructions," operating system calls, etc., 
should use this opcode. 

Exception processing for illegal and unimplemented instructions is similar to that for traps. 
The instruction is fetched and decoding is attempted. When the processor determines that 
execution of an illegal instruction is being attempted, exception processing begins. No 
registers are altered. 

Exception processing follows the regular sequence. The vector number is generated to 
refer to the illegal instruction vector or in the case of an unimplemented instruction, to the 
corresponding emulation vector. The illegal instruction vector number, current PC, and a 
copy of the SR are saved on the supervisor stacl<, with the saved value of the PC being 
the address of the illegal or unimplemented instruction. 

5.5.2.9 PRIVILEGE VIOLATIONS. To provide system security, certain instructions can be 
executed only at the supervisor access level. An attempt to execute one of these 
instructions at the user level will cause an exception. The privileged exceptions are as 
follows: 

• AND Immediate to SR 

• EOR Immediate to SR 

• LPSTOP 

• MOVE from SR 

• MOVE to SR 

• MOVEUSP 

• MOVEC 

• MOVES 

• OR Immediate to SR 

• RESET 

• RTE 

• STOP 

Exception processing for privilege violations is nearly identical to that for illegal 
instructions. The instruction is fetched and decoded. If the processor determines that a 
privilege violation has occurred, exception processing begins before instruction execution. 

Exception processing follows the regular sequence. The vector number (8) is generated to 
reference the privilege violation vector. Privilege violation vector offset, current PC, and 
SR are saved on the supervisor stacl<. The saved PC value is the address of the first word 
of the instruction causing the privilege violation. 
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5.5.2.10 TRACING. To aid in program deveiopment, iViesoOO processors include a facility 
to allow tracing of instruction execution. CPU32+ tracing also has the ability to trap on 
changes in program flow. In trace mode, a trace exception is generated after each 
Instruction executes, allowing a debugging program to monitor the execution of a program 
under test. The T1 and TO bits in the supervisor portion of the SR are used to control 
tracing. 

When T1-T0 = 00, tracing is disabled, and instruction execution proceeds normally (see 
Table 5-18). 

Table 5-1 8. Tracing Control 




T1 


TO 


Tracing Function 








No tracing 





1 


Trace on change of flow 


1 





Trace on instruction execution 


1 


1 


Undefined; reserved 



When T1-T0 = 01 at the beginning of instruction execution, a trace exception will be 
generated if the PC changes sequence during execution. All branches, jumps, subroutine 
calls, returns, and SR manipulations can be traced in this way. No exception occurs If a 
branch is not taken. 

When T1-T0 = 10 at the beginning of instruction execution, a trace exception will be 
generated when execution is complete. If the instruction is not executed, either because 
an interrupt is taken or because the instruction is illegal, unimplemented, or privileged, an 
exception is not generated. 

At the present time, T1-T0 = 11 is an undefined condition. It Is reserved by Motorola for 
future use. 

Exception processing for trace starts at the end of normal processing for the traced 
instruction and before the start of the next instruction. Exception processing follows the 
regular sequence; tracing is disabled so that the trace exception itself is not traced. A 
vector number is generated to reference the trace exception vector. The address of the 
instruction that caused the trace exception, the trace exception vector offset, the current 
PC, and a copy of the SR are saved on the supervisor stack. The saved value of the PC is 
the address of the next instruction to be executed. 

A trace exception can be viewed as an extension to the function of any instruction. If a 
trace exception is generated by an instruction, the execution of that instruction is not 
complete until the trace exception processing associated with it is also complete. 

If an instruction is aborted by a bus error or address error exception, trace exception 
processing is deferred until the suspended instruction is restarted and completed 
normally. An RTE from a bus error or address error will not be traced because of the 
possibility of continuing the instruction from the fault. 
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if an instruction is executed and an interrupt is pending on compietion, the trace exception 
is processed before tlie interrupt exception. 

If an instruction forces an exception, the forced exception is processed before the trace 
exception. 

If an instruction is executed and a breal<point is pending upon compietion of the 
instruction, the trace exception is processed before the breal<point. 

If an attempt is made to execute an illegal, unimplemented, or privileged instruction while 
tracing is enabled, no trace exception will occur because the instruction is not executed. 
This is particularly important to an emulation routine that perfomis an instruction function, 
adjusts the stacked PC to beyond the unimplemented instruction, and then returns. The 
SR on the stack must be checked to determine if tracing is on before the return is 
executed. If tracing is on, trace exception processing must be emulated so that the trace 
exception handler can account for the emulated instruction. 

Tracing also affects normal operation of the STOP and LPSTOP Instructions. If either 
instruction begins execution with T1 set, a trace exception will be taken after the 
instruction loads the SR. Upon return from the trace handler routine, execution will 
continue with the instruction following STOP (LPSTOP), and the processor will not enter 
the stopped condition. 

5.5.2.11 INTERRUPTS. There are seven levels of interrupt priority and 192 assignable 
interrupt vectors within each exception vector table. Careful use of multiple vector tables 
and hardware chaining will permit a virtually unlimited number of peripherals to interrupt 
the processor. 

Interrupt recognition a nd subsequent processing are based on internal interrupt request 
signals (IRQ7-I RQ1) and th e current priority set in SR priority mask 12-10. Interrupt 
request level (IRQ7-IRQ1 negated) indicat es tha t no se rvice is requested. When an 
interrupt of level 1 through 6 is requested via IRQ6-IRQ1, the processor compares the 
request level with the interrupt mask to determine whether the interrupt should be 
processed. Interrupt requests are inhibited for all priority levels less than or equal to the 
current priority. Level 7 interrupts are nonmaskable. 




IRQ7-IRQ1 are synchronized and debounced by input circuitry on consecutive rising 
edges of the processor clock. To be valid, an interrupt request must be held constant for 
at least two consecutive clock periods. 

Interrupt requests do not force immediate exception processing, but are left pending. A 
pending interrupt is detected between instructions or at the end of exception processing — 
all interrupt requests must be held asserted until they are acknowledged by the CPU. If 
the priority of the interrupt is greater than the current priority level, exception processing 
begins. 

Exception processing occurs as follows. First, the processor makes an internal copy of the 
SR. After the copy Is made, the processor state bits in the SR are changed — ^the S-bit is 
set, establishing supervisor access level, and bits T1 and TO are cleared, disabling 
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tracing. Priority level is then set to the level of the interrupt, and the processor fetches a 
vector number from the interrupting device (CPU space $F). The fetch bus cycle is 
classified as an interrupt acl<nowiedge, and the encoded level number of the interrupt is 
placed on the address bus. 

If an interrupting device requests automatic vectoring, the processor generates a vector 
number (25 to 31 ) detemiined by the interrupt level number. 

If the response to the interrupt acl<nowledge bus cycle is a bus error, the interrupt is taken 
to be spurious, and the spurious interrupt vector number (24) is generated. 

The exception vector number, PC, and SR are saved on the supervisor stack. The saved 
value of the PC is the address of the instruction that would have executed if the interrupt 
had not occurred. 

Priority level 7 interrupt is a special case. Level 7 interrupts are nonmaskable interrupts 
(NMI). Level 7 requests are transition sensitive to eliminate redundant servicing and 
resultant stack overflow. Transition sensitive means that the level 7 input must change 
state before the CPU will detect an interrupt. 

An NMI is generated each time the interrupt request level changes to level 7 (regardless 
of priority mask value), and each time the priority mask changes from 7 to a lower number 
while the request level remains at 7. 

Many M68000 peripherals provide for programmable interrupt vector numbers to be used 
in the system interrupt request/acknowledge mechanism. If the vector number is not 
initialized after reset and if the peripheral must acknowledge an interrupt request, the 
peripheral should return the uninitialized interrupt vector number (15). 

See Section 4 Bus Operation for detailed information on interrupt acknowledge cycles. 

5.5.2.12 RETURN FROM EXCEPTION. When exception stacking operations for all 
pending exceptions are complete, the processor begins execution of the handler for the 
last exception processed. After the exception handler has executed, the processor must 
restore the system context in existence prior to the exception. The RTE instruction is 
designed to accomplish this task. 

When RTE is executed, the processor examines the stack frame on top of the supervisor 
stack to determine if it is valid and determines what type of context restoration must be 
performed. See 5.5.4 CPU32+ Stack Frames for a description of stack frames. 

For a nomrial four-word frame, the processor updates the SR and PC with data pulled from 
the stack, increments the SSP by 8, and resumes normal instruction execution. For a six- 
word frame, the SR and PC ars updated from the stack, the active SSP is incremented by 
12, and normal instruction execution resumes. 

For a bus fault frame, the format value on the stack is first checked for validity. In addition, 
the version number on the stack must match the version number of the processor that is 
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attempting to read the stack frame. The version number is located in the most significant 
byte (bits 15-8) of the internal register word at location SP + $14 in the stack frame. The 
validity check ensures that stack frame data will be properly interpreted in multiprocessor 
systems. 

If a frame is invalid, a format error exception is taken. If it is inaccessible, a bus error 
exception is taken. Otherwise, the processor reads the entire frame into the proper 
internal registers, de-allocates the stack (12 words), and resumes normal processing. Bus 
error frames for faults during exception processing require the RTE instruction to rewrite 
the faulted stack frame. If an error occurs during any of the bus cycles required by rewrite, 
the processor halts. 

If a fomiat error occurs during RTE execution, the processor creates a normal four-word 
fault stack frame below the frame that it was attempting to use. If a bus error occurs, a 
bus-error stack frame will be created. The faulty stack frame remains intact, so that it may 
be examined and repaired by an exception handler or used by a different type of 
processor (e.g., MC68010, MC68020, or future M68000 processor) in a multiprocessor 
system. 

5.5.3 Fault Recovery 

There are four phases of recovery from a fault: recognizing the fault, saving the processor 
state, repairing the fault (if possible), and restoring the processor state. Saving and 
restoring the processor state are described in the following paragraphs. 

The stack contents are identified by the special status word (SSW). In addition to 
identifying the fault type represented by the stack frame, the SSW contains the Internal 
processor state corresponding to the fault. 
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TP— BERR Frame Type 
The TP field defines the class of the faulted bus operation. Two bus error exception 
frame types are defined. One is for faults on prefetch and operand accesses, and the 
other is for faults during exception frame stacking. 

= Operand or prefetch bus fault 

1 = Exception processing bus fault 

MV— MOVEM in Progress 

MV is set when the operand transfer portion of the MOVEM instruction is In progress at 
the time of a bus fault. If a prefetch bus fault occurs while prefetching the MOVEM 
opcode and extension word, both the MV and IN bits will be set. 

= MOVEM was not in progress when fault occurred 

1 = MOVEM was in progress when fault occurred 
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SZC1,SCZ0— Original Operand Size 
The SZC1 ,SZCO field specifies the size of the original bus cycle (i.e., the size bits of the 
first cycle, when a transaction Is divided into two or three cycles due to bus size or 
operand address). 

00 = Original operand size was long word 

01 = Original operand size was byte 
10 = Original operand size was word 
11= Unused, reserved 

TR— Trace Pending 
TR indicates that a trace exception was pending when a bus error exception was 
processed. The Instruction that generated the trace will not be restarted upon return 
from the exception handler. This includes MOVEM and released write bus errors 
Indicated by the assertion of either MV or RR in the SSW. 

= Trace not pending 

1 = Trace pending 

B1— Breakpoint Channel 1 Pending 

B1 Indicates that a breakpoint exception was pending on channel 1 (external breakpoint 
source) when a bus error exception was processed. Pending breakpoint status is 
stacked, regardless of the type of bus error exception. 

= Breakpoint not pending 

1 = Breakpoint pending 

BO— Breakpoint Channel Pending 

BO Indicates that a breakpoint exception was pending on channel (internal breakpoint 
source) when the bus error exception was processed. Pending breakpoint status Is 
stacked, regardless of the type of bus error exception. 

= Breakpoint not pending 

1 = Breakpoint pending 

RR— Rerun Write Cycle after RTE 

RR will be set if the faulted bus cycle was a released write. A released write Is one that 
is overlapped. If the write is completed (rerun) in the exception handler, the RR bit 
should be cleared before executing RTE. The bus cycle will be rerun If the RR bit is set 
upon retum from the exception handler. 

= Faulted cycle was read, RMW, or unreleased write 

1 = Faulted cycle was a released write 

RM— Faulted Cycle Was Read-Modify-Wrlte 
Faulted RMW bus cycles set the RM bit. RM is ignored during unstacking. 

= Faulted cycle was non-RMW cycle 

1 = Faulted cycle was either the read or write of an RMW cycle 
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IN — Instruction/Other 

Instruction prefetch faults are distinguished from operand (both read and write) faults by 
the IN bit. If IN is cleared, the error was on an operand cycle; if IN is set, the error was 
on an instruction prefetch. IN is ignored during unstacl<ing. 

= Operand 

1 = Prefetch 

RW— Read/Write of Faulted Bus Cycle 
Read and write bus cycles are distinguished by the RW bit. Read bus cycles will set this 
bit, and write bus cycles will clear it. RW is reloaded into the bus controller if the RR bit 
is set during unstacking. 

= Faulted cycle was an operand write 

1 = Faulted cycle was a prefetch or operand read 

SIZ— Remaining Size of Faulted Bus Cycle 
The SIZ field shows operand size remaining when a fault was detected. This field does 
not indicate the initial size of the operand, nor does it necessarily indicate the proper 
status of a dynamically sized bus cycle. Dynamic sizing occurs on the extemal bus and 
Is transparent to the CPU. Byte size is shown only when the original operand was a 
byte. The field is reloaded into the bus controller if the RR bit is set during unstacking. 
The SIZ field Is encoded as follows: 

00 = Long word 

01 = Byte 
10 = Word 

11= Unused, reserved 

FUNC — Function Code of Faulted Bus Cycle 
The function code for the faulted cycle Is stacked in the FUNC field of the SSW, which is 
a copy of FC2-FC0 for the faulted bus cycle. This field is reloaded into the bus 
controller if the RR bit is set during unstacking. All unused bits are stacked as zeros and 
are ignored during unstacking. Further discussion of the SSW is included in 5.5.3.1 
Types of Faults. 

5.5.3.1 TYPES OF FAULTS. An efficient implementation of instruction restart dictates that 
faults on some bus cycles be treated differently than faults on other bus cycles. The 
CPU32+ defines four fault types: released write faults, faults during exception processing, 
faults during MOVEM operand transfer, and faults on any other bus cycle. 

5.5.3.1.1 Type I — Released Write Faults. CPU32+ instruction pipelining can cause a final 
instruction write to overlap the execution of a following instruction. A write that is 
overlapped is called a released write. A released write fault occurs when a bus error or 
some other fault occurs on the released write. 

Released write faults are taken at the next instruction boundary. The stacked PC is that of 
the next unexecuted instruction. If a subsequent instruction attempts an operand access 
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while a released write fault is pending, the instruction is aborted and the write fault is 
acknowledged. This action prevents the instruction from using stale data. 

The SSW for a released write fault contains the following bit pattern: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 



I I I SZC1 \ TR~ B1 I BO I 1 



I I SZCO I Sg" 



FUNC 




TR, B1 , and BO are set if the corresponding exception is pending when the bus error 
exception is taken. Status regarding the faulted bus cycle is reflected in the SZCx, SIZ, 
and FUNC fields. 

The remainder of the stack contains the PC of the next unexecuted instruction, the current 
SR, the address of the faulted memory location, and the contents of the data buffer that 
was to be written to memory. This data is written on the stack in the format depicted in 
Figure 5-15. When a released write fault exception handler executes, the machine will 
complete the faulted write and then continue executing instructions wherever the PC 
indicates. 

5.5.3.1.2 Type II— Prefetch, Operand, RMW, and MOVEP Faults. The majority of bus 
error exceptions are included in this category — all instruction prefetches, all operand 
reads, all RMW cycles, and all operand accesses resulting from execution of MOVER 
(except the last write of a MOVEP Rn,(ea) or the last write of MOVEM, which are type I 
faults). The TAS, MOVEP, and MOVEM instructions account for all operand writes not 
considered released write faults. 

All type li faults cause an immediate exception that aborts the current instruction. Any 
registers that were altered as the result of an EA calculation (i.e., postincrement or 
predecrement) are restored prior to processing the bus cycle fault. 

The SSW for faults in this category contains the following bit pattern: 
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The trace pending bit is always cleared since the instruction will be restarted upon return 
from the handler. Saving a pending exception on the stack causes a trace exception to be 
taken prior to restarting the instruction, if the exception handler does not alter the stacked 
SR trace bits, the trace is requeued when the instruction is started. 

The breakpoint pending bits are stacked in the SSW, even though the instruction is 
restarted upon return from the handler. This avoids problems with bus state analyzer 
equipment that has been programmed to breakpoint only the first access to a specific 
location or to count accesses to that location. If this response is not desired, the exception 
handler can clear the bits before return. The RM, IN, RW, SZCx, FUNC, and SIZ fields 
reflect the type of bus cycle that caused the fault. If the bus cycle was an RMW, the RM bit 
will be set, and the RW bit will show whether the fault was on a read or write. 
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5.5.3.1.3 Type III — Faults During MOVEM Operand Transfer. Bus faults that occur as a 
result of MOVEM operand transfer are classified as type III faults. MOVEM Instruction 
prefetch faults are type II faults. 

Type III faults cause an immediate exception that aborts the current instruction. Registers 
altered during execution of the faulted instruction are not restored prior to execution of the 
fault handler. This includes any register predecremented as a result of the effective 
address calculation or any register overwritten during instruction execution. Since 
postincremented registers are not updated until the end of an instruction, the register 
retains its pre-instruction value unless overwritten by operand movement. 

The SSW for faults in this category contains the following bit pattem: 
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MV is set, indicating that MOVEM should be continued from the point where the fault 
occurred upon return from the exception handler. TR, B1, and BO are set if a 
corresponding exception is pending when the bus error exception Is taken. IN is set if a 
bus fault occurs while prefetching an opcode or an extension word during instruction 
restart. RW, SZCx, SIZ, and FUNG all reflect the type of bus cycle that caused the fault. 
All write faults have the RR bit set to indicate that the write should be rerun upon return 
from the exception handler. 

The remainder of the stack frame contains sufficient information to continue MOVEM with 
operand transfer following a faulted transfer. The address of the next operand to be 
transferred, incremented or decremented by operand size, is stored in the faulted address 
location ($08). The stacked transfer counter is set to 16 minus the number of transfers 
attempted (including the faulted cycle). Refer to Figure 5-12 for the stacking fomnat. 

5.5.3.1.4 Type iV—Faults During Exception Processing. The fourth type of fault occurs 
during exception processing. If this exception is a second address or bus error, the 
machine halts in the double bus fault condition. However, if the exception is one that 
causes a four- or six-word stack frame to be written, a bus cycle fault frame is written 
below the faulted exception stack frame. 

The SSW for a fault within an exception contains the following bit pattem: 
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TR, B1 , and BO are set if a corresponding exception is pending when the bus error 
exception is taken. 

The contents of the faulted exception stack frame are Included In the bus fault stack 
frame. The pre-exception SR and the format/vector word of the faulted frame are stacked. 
The type of exception can be determined from the format/vector word. If the faulted 
exception stack frame contains six words, the PC of the instruction that caused the initial 
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exception is also stacked. Tiiis data is placed on the stack in the format shown in Figure 
5-13. The return address from the initial exception is stacked for RTE . 

5.5.3.2 CORRECTING A FAULT. There are two ways to complete a faulted released write 
bus cycle. The first is to use a software handler. The second is to rerun the bus cycle via 
RTE. 

Type II fault handlers must terminate with RTE, but specific requirements must also be 
met before an instruction is restarted. 

There are three varieties of type III operand fault recovery. The first is completion of an 
instruction in software. The second is conversion to type II with restart via RTE. The third 
is continuation from the fault via RTE. 

5.5.3.2.1 Type I — Completing Released Writes via Software. To complete a bus cycle 
in software, a handler must first read the SSW function code field to determine the 
appropriate address space, access the fault address pointer on the stack, and then 
transfer data from the stacked image of the output buffer to the fault address. 

If the CPU32+ is configured to 16-bit operation, rather than 32-bit operation, on the 
internal data bus, long operands require two bus accesses. A fault during the second 
access of a long operand causes the SZCx bits in the SSW to be set to long word. The 
SIZ field indicates remaining operand size. If operand coherency is important, the 
complete operand must be rewritten. After a long operand is rewritten, the RR bit must be 
cleared. Failure to clear the RR bit can cause the RTE instruction to rerun the bus cycle. 
Following rewrite, it is not necessary to adjust the PC (or other stack contents) before 
executing RTE. 

5.5.3.2.2 Type I — Completing Released Writes via RTE. An exception handler can use 
the RTE instruction to complete a faulted bus cycle. When RTE executes, the fault 
address, data output buffer, PC, and SR are restored from the stack. Any pending 
breakpoint or trace exceptions, as indicated by TR, B1 , and BO in the stacked SSW, are 
requeued during SSW restoration. The RR bit in the SSW is checked during the 
unstacking operation; if it is set, the RW, FUNC, and SIZ fields are restored and the 
released write cycle is rerun. 

To maintain long-word operand coherence, stack contents must be adjusted prior to the 
RTE execution. The fault address must be decremented by 2 if the SZCx bits are set to 
long word and SIZ indicates a remaining byte or word. SIZ must be set to long. All other 
fields should be left unchanged. The bus controller uses the modified fault address and 
SIZ field to rerun the complete released write cycle. 

Manipulating the stacked SSW can cause unpredictable results because RTE checks only 

the RR bit io determine if a bus Cycle muSl be i'er'un. inauverierit alteration of the control 

bits could cause the bus cycle to be a read instead of a write or could cause access to a 
different address space than the original bus cycle. If the rerun bus cycle is a read, 
returned data will be ignored. 
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5.5.3.2.3 Type II— Correcting Faults via RTE. Instructions aborted because of a type II 
fault are restarted upon return from the exception handler. A fault handler must establish 
safe restart conditions. If a fault is caused by a nonresident page in a demand-paged 
virtual memory configuration, the fault address must be read from the stack, and the 
appropriate page retrieved. An RTE instruction terminates the exception handler. After 
unstacking the machine state, the instruction is refetched and restarted. 

5.5.3.2.4 Type III — Correcting Faults via Software. Sufficient infomnation is contained in 
the stack frame to complete MOVEIVI in software. After the cause of the fault is corrected, 
the faulted bus cycle must be rerun. Perform the following procedures to complete an 
instruction through software: 

A. Set Up for Remn 

1 . Read the IVIOVEIVI opcode and extension from locations pointed to by stack frame 
PC and PC -i- 2. The EA need not be recalculated since the next operand address 
is saved in the stack frame. However, the opcode EA field must be examined to 
detemnine how to update the address register and PC when the instruction is 
complete. 

2. Adjust the mask to account for operands already transferred. Subtract the stacked 
operand transfer count from 16 to obtain the number of operands transferred. Scan 
the mask using this count value. Each time a set bit is found, clear it and decrement 
the counter. When the count is zero, the mask is ready for use. 

3. Adjust the operand address. If the predecrement addressing mode is in effect, 
subtract the operand size from the stacked value; otherwise, add the operand size to 
the stacked value. 

B. Rerun Instruction 

1 . Scan the mask for set bits. Read/write the selected register from/to the operand 
address as each bit is found. 

2. As each operand is transferred, clear the mask bit and increment (decrement) the 
operand address. When all bits in the mask are cleared, all operands have been 
transferred. 

3. If the addressing mode is predecrement or postincrement, update the register to 
complete the execution of the instruction. 

4. If TR is set in the stacked SSW, create a six-word stack frame and execute the trace 
handler. If either B1 or BO is set in the SSW, create another six-word stack frame 
and execute the hardware breakpoint handler. 

5. De-allocate the stack and return control to the faulted program. 

5.5.3.2.5 Type III — Correcting Faults by Conversion and Restart. In some situations it 
may be necessary to rerun all the operand transfers for a faulted instruction rather than 
continue from a faulted operand. Clearing the l\^V bit in the stacked SSW converts a type 
III fault into a type II fault. Consequently, MOVEM, like all other type II exceptions, will be 
restarted upon return from the exception handler. When a fault occurs after an operand 
has transferred, that transfer is not "undone". However, these memory locations are 
accessed a second time when the instruction is restarted. If a register used in an EA 
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calculation is overwritten before a fault occurs, an incorrect EA is calculated upon 
instruction restart. 

5.5.3.2.6 Type III — Correcting Faults via RTE. Tiie preferred metliod of MOVEM bus 
fault recovery is to correct the cause of the fault and then execute an RTE instruction 
without altering the stacl< contents. 

The RTE recognizes that l\/IOVEM was in progress when a fault occurred, restores the 
appropriate machine state, refetches the instruction, repeats the faulted transfer, and 
continues the instruction. 

IVIOVEM is the only Instruction continued upon return from an exception handler. Although 
the instruction is refetched, the EA is not recalculated, and the mask is rescanned the 
same number of times as before the fault. Modifying the code prior to RTE can cause 
unexpected results. 

5.5.3.2.7 Type IV — Correcting Faults via Software. Bus error exceptions can occur 
during exception processing while the processor is fetching an exception vector or while it 
is stacking. The same stack frame and SSW are used in both cases, but each has a 
distinct fault address. The stacked faulted exception format/vector word identifies the type 
of faulted exception and the contents of the remainder of the frame. A fault address 
corresponding to the vector specified in the stacked fomnat/vector word indicates that the 
processor could not obtain the address of the exception handler. 

A bus error exception handler should execute RTE after correcting a fault. RTE restores 
the internal machine state, fetches the address of the original exception handler, recreates 
the original exception stack frame, and resumes execution at the exception handler 
address. 

If the fault Is Intractable, the exception handler should rewrite the faulted exception stack 
frame at SP + $14 + $06 and then jump directly to the original exception handler. The 
stack frame can be generated from the information in the bus error frame: the pre- 
exception SR (SP + $00), the format/vector word (SP + $0E), and, if the frame being 
written is a six-word frame, the PC of the instruction causing the exception (SP + $10). 
The return PC value is available at SP + $02. 

A stacked fault address equal to the current SP may indicate that, although the first 
exception received a bus error while stacking, the bus error exception stacking 
successfully completed. This occurrence is extremely improbable, but the CPU32+ 
supports recovery from it. Once the exception handler determines that the fault has been 
corrected, recovery can proceed as described previously. If the fault cannot be corrected, 
move the supervisor stack to another area of memory, copy all valid stack frames to the 
new stack, create a faulted exception frame on top of the stack, and resume execution at 
the exception handier address. 

5.5.4 CPU32+ Stack Frames 

The CPU32+ generates three different stack frames: four-word frames, six-word frames, 
and twelve-word bus error frames. 
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5.5.4.1 FOUR-WORD STACK FRAME. This stack frame is created by interrupt, format 
error, TRAP #n, illegal instruction, A-iine and F-line emulator trap, and privilege violation 
exceptions. Depending on the exception type, the PC value is either the address of the 
next instruction to be executed or the address of the instruction that caused the exception 
(see Figure 5-12). 
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Figure 5-12. Format $0 — Four-Word Stack Frame 

5.5.4.2 SIX-WORD STACK FRAME. This stack frame (see Figure 5-13) is created by 
instruction-related traps, which include CHK, CHK2, TRAPcc, TRAPV, and divide-by-zero, 
and by trace exceptions. The faulted instruction PC value is the address of the instruction 
that caused the exception. The next PC value (the address to which RTE returns) is the 
address of the next instruction to be executed. 
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Figure 5-13. Format $2 — Six-Word Stack Frame 

Hardware breakpoints also utilize this format. The faulted instruction PC value is the 
address of the instruction executing when the breakpoint was sensed. Usually this is the 
address of the instruction that caused the breakpoint, but, because released writes can 
overlap following instructions, the faulted instruction PC may point to an instruction 
following the instruction that caused the breakpoint. The address to which RTE returns is 
the address of the next instruction to be executed. 

5.5.4.3 BUS ERROR STACK FRAME. This stack frame is created when a bus cycle fault 
is detected. The CPU32+ bus error stack frame differs significantly from the equivalent 
stack frames of other M68000 family members. The only internal machine state required 
in the CPU32+ stack frame is the bus controller state at the time of the error and a single 
register. 

Bus operation in progress at the time of a fault is conveyed by the SSW. 
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The bus error stack frame is 12 words in length. There are three variations of the frame, 
each distinguished by different values In the SSW TP and MV fields. 

An Internal transfer count register appears at location SP + $14 in all bus error stack 
frames. The register contains an 8-bit microcode revision number and, for type III faults, 
an 8-bit transfer count. Register format is shown In Figure 5-14. 



15 




8 


7 







MICROCODE REVISION NUMBER 


TRANSFER COUNT | 




Figure 5-14. Internal Transfer Count Register 

The microcode revision number Is checked before a bus error stack frame Is restored via 
RTE. In a multiprocessor system, this check ensures that a processor using stacked 
Information is at the same revision level as the processor that created it. 

The transfer count Is ignored unless the MV bit in the stacked SSW Is set. if the l\^V bit Is 
set, the least significant byte of the internal register is reloaded into the MOVEM transfer 
counter during RTE execution. 

For faults occurring during normal Instruction execution (both prefetches and non-MOVEM 
operand accesses), SSW TP,MV = 00. Stack frame format is shown In Figure 5-15. 

Faults that occur during the operand portion of the MOVEM Instruction are identified by 
SSW TP,MV = 01 . Stack frame format is shown in Figure 5-1 6. 

When a bus error occurs during exception processing, SSW TP,MV = 10. The frame 
shown in Figure 5-1 7 Is written below the faulting frame. Stacking begins at the address 
pointed to by SP - 6 (SP value is the value before initial stacking on the faulted frame). 

The frame can have either four or six words, depending on the type of error. Four-word 
stack frames do not Include the faulted Instruction PC. (The internal transfer count register 
Is located at SP + $10 and the SSW is located at SP + $12.) 

The fault address of a dynamically sized bus cycle is the address of the upper byte, 
regardless of the byte that caused the error. 
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15 



SP=» 
+$02 

+$06 
+$08 

+$0C 

+$10 

+$14 
+$16 



STATUS REGISTER 



RETURN PROGRAM COUNTER HIGH 



RETURN PROGRAM COUNTER LOW 



VECTOR OFFSET 



FAULTED ADDRESS HIGH 



FAULTED ADDRESS LOW 



DBUF HIGH 



DBUF LOW 



CURRENT INSTRUCTION PROGRAM COUNTER HIGH 



CURRENT INSTRUCTION PROGRAM COUNTER LOW 



INTERNAL TRANSFER COUNT REGISTER 



SPECIAL STATUS WORD 




Figure 5-15. Format $C — BERR Stack for Prefetches and Operands 



15 



SP.* 
+$02 

+$06 
+$08 

+$0C 

+$10 

+$14 
+$16 



STATUS REGISTER 



RETURN PROGRAM COUNTER HIGH 



RETURN PROGRAM COUNTER LOW 



VECTOR OFFSET 



FAULTED ADDRESS HIGH 



FAULTED ADDRESS LOW 



DBUF HIGH 



DBUF LOW 



CURRENT INSTRUCTION PROGRAM COUNTER HIGH 



CURRENT INSTRUCTION PROGRAM COUNTER LOW 



INTERNAL TRANSFER COUNT REGISTER 



SPECIAL STATUS WORD 



Figure 5-16. Format $C— BERR Stack on l\/IOVE!\/l Operand 
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15 




•f$02 

+$06 
••■$08 

+$0C 

•f$10 

+$14 
+$16 



STATUS REGISTER 



NEXT INSTRUCTION PROGRAM COUNTER HIGH 



NEXT INSTRUCTION PROGRAM COUNTER LOW 



VECTOR OFFSET 



FAULTED ADDRESS HIGH 



FAULTED ADDRESS LOW 



PRE-EXCEPTION STATUS REGISTER 



FAULTED EXCEPTION FORMAT/VECTOR WORD 



FAULTED INSTRUCTION PROGRAM COUNTER HIGH (SIX WORD FRAME ONLY) 



FAULTED INSTRUCTION PROGRAM COUNTER LOW (SIX WORD FRAME ONLY) 



INTERNAL TRANSFER COUNT REGISTER 



SPECIAL STATUS WORD 



Figure 5-17. Format $C— Four- and Six-Word BERR Stacl( 



5.6 DEVELOPMENT SUPPORT 

Ail M68000 family members iiave tiie following special features that facilitate applications 
development. 

Trace on Instruction Execution — All M68000 processors Include an instruction-by- 
Instruction tracing facility to aid in program development. The MC68020, MC68030, and 
CPU32+ can also trace those instructions that change program flow. In trace mode, an 
exception is generated after each instruction is executed, allowing a debugger program to 
monitor execution of a program under test. See 5.5.2.10 Tracing for more information. 

Breakpoint Instruction — ^An emulator can insert software breakpoints into target code to 
indicate when a breakpoint occurs. On the MC68010, MC68020, MC68030, and CPU32+, 
this function is provided via illegal instructions ($4848-$484F) that serve as breakpoint 
instaictions. See 5.5.2.5 Software Breakpoints for more information. 

Unimplemented Instruction Emulation— When an attempt is made to execute an illegal 
Instruction, an illegal instruction exception occurs. Unimplemented instructions (F-line, A- 
line) utilize separate exception vectors to permit efficient emulation of unimplemented 
instructions in software. See 5.5.2.8 lliegai or Unimpiemented Instructions for more 
infonnation. 

5.6.1 CPU32+ Integrated Development Support 

in addition to standard MC68000 family capabilities, the CPU32+ has features to support 
advanced Integi'ated syste.-n development. These features include background debug 
mode, deterministic opcode tracking, hardware breakpoints, and internal visibility in a 
single-chip environment. 
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5.6.1.1 BACKGROUND DEBUG MODE (BDM) OVERVIEW. Microprocessor systems 
generally provide a debugger, implemented in software, for system analysis at the lowest 
level. The BDM on the CPU32+ is unique because the debugger is implemented in CPU 
microcode. 

BDM incorporates a full set of debug options — registers can be viewed and/or altered, 
memory can be read or written, and test features can be invoked. 

A resident debugger simplifies implementation of an in-circuit emulator. In a common 
setup (see Figure 5-18), emulator hardware replaces the target system processor. A 
complex, expensive pod-and-cable interface provides a communication path between 
target system and emulator. 



TARGET 
SYSTEM 



c 



IN-CIRCUIT 
EMULATOR 



^ 



TARGET 
MCU 




Figure 5-18. In-Circuit Emulator Configuration 

By contrast, an integrated debugger supports use of a bus state analyzer (BSA) for in- 
circuit emulation. The processor remains in the target system (see Figure 5-19), and the 
interface is simplified. The BSA monitors target processor operation and the on-chip 
debugger controls the operating environment. Emulation is much closer to target 
hardware; thus, many interfacing problems (i.e., limitations on high-frequency operation, 
AC and DC parametric mismatches, and restrictions on cable length) are minimized. 



TARGET 
SYSTEM 



TARGET 
MCU 



^ 



BUS STATE 
ANALYZER 



Figure 5-19. Bus State Analyzer Configuration 



5.6.1.2 DETERMINISTIC OPCODE TRACKING OVERVIEW. CPU32+ function code 
outputs are augmented by three supplementary signals that monitor the Instruction 
pipeline. The IFETCH output signal identifi es bus cycles in which data is loaded into the 
pipeline and signals pipeline flushes. The IPIPE1, IPIPEO output signals indicate when 
each mid-instruction pipeline advance occurs and when instruction execution begins. 
These signals allow a BSA to synchronize with Instruction stream activity. Refer to 5.6.3 
Deterministic Opcode Traclcing for complete information. 

5.6.1.3 ON-CHIP HARDWARE BREAKPOINT OVERVIEW. An external breakpoint Input 
and an on-chip hardware breakpoint capability permit breakpoint trap on any memory 
access. Off-chip address comparators will not detect breakpoints on internal accesses 
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unless show cycles are enabled. Breakpoints on prefetched instructions, which are 
flushed from the pipeline before execution, are not acl<nowledged, but operand 
breakpoints are always acknowledged. Acknowledged breakpoints can initiate either 
exception processing or BDM. See 5.5.2.6 Hardware Breakpoints for more infomriation. 




5.6.2 Background Debug Mode 

BDI\1 is an alternate CPU32+ operating mode. During BDM, normal instruction execution 
is suspended, and special microcode performs debugging functions under external 
control. Figure 5-20 is a BDM block diagram. 

BDM can be initiated in several ways — by externally generated breakpoints, by internal 
peripheral breakpoints, by the background instruction (BGND), or by catastrophic 
exception conditions. While in BDM, the CPU32+ ceases to fetch Instructions via the 
parallel bus and communicates with the development system via a dedicated, high-speed, 
SPI-type serial command interface. 
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Figure 5-20. BDM Block Diagram 



5.6.2.1 ENABLING BDM. Accidentally entering BDM in a nondevelopment environment 
could lock up the CPU32+ since the serial command interf ace wo uld probably not be 
available. For this reason, BDM is enabled during reset via the BKPT signal. 



BDM operation is enabled when BKPT is asserted (lo w) at t he rising edge of RESE T. BDM 
remains enabled until the next system reset. A high BKPT on the trailing edge of RESET 
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disables BDM. BKPT is relatched on eacli rising transition of RESET. BKPT is 
synchronized internally and must be held low for at least two clock cycles prior to negation 
of RESET. 



BDM enable l ogic mus t be designed with special care. If hold time on BKPT (after the 
trailing edge of RESET) extends into the first bus cycle following reset, this bus cycle could 
be tagged with a breakpoint. Refer to Section 4 Bus Operation for timing information. 

5.6.2.2 BDI\A SOURCES. When BDM is enabled, any of several so urces c an cause the 
transition from normal mode to BDM. These sources include external BKPT hardware, the 
BGND instruction, a double bus fault, and internal peripheral breakpoints. If BDM is not 
enabled when an exception condition occurs, the exception is processed nomnally. Table 
5-19 summarizes the processing of each source for both enabled and disabled cases. 
Note that the BKPT instruction never causes a transition into BDM. 

Table 5-19. BDi\/l Source Summary 




Source 


BDM Enabled 


BDM Disabled 


BKPT 


Background 


Breakpoint Exception 


Double Bus Fault 


Background 


Halted 


BGND Instruction 


Background 


Illegal Instruction 


BKPT Instruction 


Opcode Substitution/ 
Illegal Instruction 


Opcode Substitution/ 
Illegal Instruction 



5.6.2.2 .1 External BKPT Signal. Once enabled, BDM is initiated whenever assertion of 
BKPT is acknowle dged. If BDM is disabled, a breakpoint exception (vector $00) is 
acknowledged. The BKPT input has the same timing relationship to the data strobe trailing 
edge as read cycle data. There is no breakpoint acknowledge bus cycle when BDM is 
entered. 

5.6.2.2.2 BGND Instruction. An illegal instruction, $4AFA, is reserved for use by 
development tools. The CPU32+ defines $4AFA (BGND) to be a BDM entry point when 
BDM is enabled. If BDM is disabled, an illegal instruction trap is acknowledged. Illegal 
instruction traps are discussed in 5.5.2.8 illegal or Unimplemented Instructions. 

5.6.2.2.3 Double Bus Fault. The CPU32+ normally treats a double bus fault (two bus 
faults in succession) as a catastrophic system error and halts. When this condition occurs 
during initial system debug (a fault in the reset logic), further debugging is impossible until 
the problem is corrected. In BDM, the fault can be temporarily bypassed so that its origin 
can be isolated and eliminated. 



5.6.2.3 ENTERING BDIVI. When the processor detects a BKPT or a double bus fault or 
decodes a BGND instruction, it suspends instruction execution and asserts the FREEZE 
output. FREEZE assertion is the first indication that the processor has entered BDM. Once 
FREEZE has been asserted, the CPU enables the serial communication hardware and 
awaits a command. 

The CPU writes a unique value indicating the source of BDM transition into temporary 
register A (ATEMP) as part of the process of entering BDM. A user can poll ATEMP and 
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determine the source (see Table 5-20) by issuing a read system register command 
(RSREG). ATEiVIP is used in most debugger commands for temporary storage^it Is 
imperative that the RSREG command be the first command issued after transition into 
BDM. 

Table 5-20. Polling the BDM Entry Source 



Source 


ATEMP 31-16 


ATEMP 15-0 


Double Bus Fault 


ssw* 


$FFFF 


BGND Instruction 


$0000 


$0001 


Hardware Breakpoint 


$0000 


$0000 




*SSW is described in detail in 5.5.3 Fault Recovery. 

A double bus fault during initial SP/PC fetch sequence is distinguished by a value of 
$FFFFFFFF in the current instruction PC. At no other time will the processor write an odd 
value into this register. 

5.6.2.4 COMMAND EXECUTION. Figure 5-21 summarizes BDI\^ command execution. 
Commands consist of one 16-bit operation word and can include one or more 16-bit 
extension words. Each incoming word is read as it is assembled by the serial interface. 
The microcode routine corresponding to a command is executed as soon as the command 
is complete. Result operands are loaded into the output shift register to be shifted out as 
the next command is read. This process is repeated for each command until the CPU 
retums to nomial operating mode. 

5.6.2.5 BDM REGISTERS. BDM processing uses three special-purpose registers to track 
program context during development. A description of each register follows. 

5.6.2.5.1 Fault Address Register (FAR). The FAR contains the address of the faulting 
bus cycle immediately following a bus or address error. This address remains available 
until ovenA/ritten by a subsequent bus cycle. Following a double bus fault, the FAR 
contains the address of the last bus cycle. The address of the first fault (if one occurred) is 
not visible to the user. 

5.6.2.5.2 Return Program Counter (RPC). The RPC points to the location where fetching 
will commence after transition from BDM to normal mode. This register should be 
accessed to change the flow of a program under development. Changing the RPC to an 
odd value will cause an address error when normal mode prefetching begins. 

5.6.2.5.3 Current Instruction Program Counter (PCC). The PCC holds a pointer to the 
first word of the last instruction executed prior to transition into BDM. Due to instruction 
pipelining, the instruction pointed to may not be the instruction that caused the transition. 
An example is a breakpoint on a released write. The bus cycle may ove riap as many as 
two subseauent instructions before stalling the Instruction sennonror a bKPT asserted 
during this cycle will not be acknowledged until the end of the Instruction executing at 
completion of the bus cycle. PCC will contain $00000001 if BDM is entered via a double 
bus fault immediately out of reset. 
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CPU32 ACTIVITY 

ENTER (BDM) 



DEVELOPMENT SYSTEM ACTIVITY 



•ASSERT FREEZE SIGNAL 
• WAIT FOR COMMAND 


















SEND INITIAL COMMAND 






• LOAD COMMAND REGISTER 
•ENABLE SHIFT CLOCK 

• SHIFT OUT 17 BITS 

• DISABLE SHIFT CLOCK 










EXECUTE COMMAND 








• LOAD: NOT READY/ RESPONSE 

• PERFORM COMMAND 

• STORE RESULTS 
























READ RESULTS/NEW COMMAND 






• LOAD COMMAND REGISTER 
•ENABLE SHIFT CLOCK 

• SHIFT IN«UT 17 BITS 
•DISABLE SHIFT CLOCK 
•READ RESULT REGISTER 












y^ IF RE 


SUITS s 
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A 




\ 'NOT READY" ^ 


? 










Figure 5-21. BDM Command Execution Fiowciiart 

5.6.2.6 RETURNiNG FROIVI BDI\/I. BDM is terminated when a resume execution (GO) or 
call user code (CALL) command is received. Both GO and CALL flush the instruction 
pipeline and prefetch instructions from the location pointed to by the RPC. 

The retum PC and the memory space referred to by the SR SUPV bit reflect any changes 
made during BDM. FREEZE is negated prior to initiating the first prefe tch. Up on negation 
of FREEZE, the serial subsystem is disabled, and the signals revert to IPIPE and IFETCH 
functionality. 

5.6.2.7 SERiAL iNTERFACE. Communication with the CPU32+ during BDM occur s via a 
dedicated serial interface, which shares pins w ith other development features. The BKPT 
signal becomes the DSCLK; DSI is received on IFETCH, and DSO is transmitted on IPIPE. 

The serial interface uses a full-duplex synchronous protocol similar to the serial peripheral 
interface (SPI) protocol. The development system serves as the master of the serial link 
since it is responsible for the generation of DSCLK. If DSCLK is derived from the CPU32+ 
system clock, development system serial logic is unhindered by the operating frequency of 
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the target processor. Operable frequency range of the serial clock is from DC to one-half 
the processor system clock frequency. 

The serial interface operates in full-duplex mode — i.e., data is transmitted and received 
simultaneously by both master and slave devices. In general, data transitions occur on the 
falling edge of DSCLK and are stable by the following rising edge of DSCLK. Data is 
transmitted MSB first and Is latched on the rising edge of DSCLK. 

The serial data word is 17 bits wide — 16 data bits and a status/control (S/C) bit. 



16 



15 



S/C 



DATA FIELD 




Bit 16 indicates the status of CPU-generated messages as listed in Table 5-21. 



Table 5-21. CPU Generated Message Encoding 



Encoding 


Data 


Message Type 





xxxx 


Valid Data Transfer 





FFFF 


Command Complete; Status OK 


1 


0000 


Not Ready with Response; Come Again 


1 


0001 


BERR Terminated Bus Cycle; Data Invalid 


1 


FFFF 


Illegal Command 



Command and data transfers initiated by the development system should clear bit 16. The 
current implementation ignores this bit; however, Motorola reserves the right to use this bit 
for future enhancements. 

5.6.2.7.1 CPU Serial Logic. CPU serial logic, shown in the left-hand portion of Figure 5- 
22, consists of transmit and receive shift registers and of control logic that includes 
synchronization, serial clock generation circuitry, and a received bit counter. 

Both DSCLK and DSI are synchronized to on-chip clocks, thereby minimizing the chance 
of propagating metastable states into the serial state machine. Data is sampled during the 
high phase of CLKOUT. At the falling edge of CLKOUT, the sampled value is made 
available to internal logic. If there is no synchronization between CPU32+ and 
development system hardware, the minimum hold time on DSI with respect to DSCLK is 
one full period of CLKOUT. 
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Figure 5-22. Debug Serial I/O Block Diagram 

The serial state machine begins a sequence of events based on the rising edge of the 
synchronized DSCLK (see Figure 5-23). Synchronized serial data is transferred to the 
input shift register, and the received bit counter is decremented. One-half clock period 
later, the output shift register is updated, bringing the next output bit to the DSO signal. 
DSO changes relative to the rising edge of DSCLK and does not necessarily remain 
stable until the falling edge of DSCLK. 

One clock period after the synchronized DSCLK has been seen internally, the updated 
counter value is checked. If the counter has reached zero, the receive data latch is 
updated from the input shift register. At this same time, the output shift register is reloaded 
with the "not ready/come again" response. Once the receive data latch has been loaded, 
the CPU is released to act on the new data. Response data overwrites the "not ready" 
response when the CPU has completed the current operation. 

Data written into the output shift register appears immediately on the DSO signal. In 
general, this action changes the state of the signal from a high ("not ready" response 
status bit) to a low (valid data status bit) logic level. However, this level change only 
occurs If the command completes successfully. Error conditions oven^^rite the "not ready" 
response with the appropriate response that also has the status bit set. 
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Figure 5-23. Serial Interface Timing Diagram 



A user can use the state change on DSO to signal hardware that the next serial transfer 
may begin. A timeout of sufficient length to trap error conditions that do not change the 
state of DSO should also be incorporated into the design. Hardware interlocks in the CPU 
prevent result data from corrupting serial transfers in progress. 

5.6.2.7.2 Development System Serial Logic. The development system, as the master of 
the serial data link, must supply the serial clock. However, normal and BDM operations 
could interact if the clock generator is not properly designed. 



Breakpoint requests are made by ass erting BKPT to the low state In either of two ways. 
The primary method is to assert BKP T during a single bus cycle for which an exception is 
desired. Another method is to assert BKPT, then continue to assert it until the CPU32+ 
responds by asserting FREEZE. This method is useful for forcing a transition Into BDM 
when the bus is not being monitored. Each method requires a slightly different serial logic 
design to avoid spurious serial clocks. 

Figure 5-24 represents the timing required for asserting BKPT during a single bus cycle. 
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sHiFT.cLK uijnjnjiJiJiJiJiJiJijnjiJiJiJ^^ 

FORCE_BGND 

BKPT.TAG 1 I 



Mr 1 n-njixijiJijnjixLnjTJTJxrin^ — 

FREEZE I ' L. 



Figure 5-24. BKPT Timing for Singie Bus Cycle 



Figure 5-25 depicts the timing of the BKPT/FREEZE method. In both cases, the serial 
clock is left high after the final shift of each transfer. This technique eliminates the 
possibility of accidentally tagging the prefetch initiated at the conclusion of a BDM session. 
As mentioned previously, all timing within the CPU is derived from the rising edge of the 
clock; the failing edge is effectively ignored. 
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Figure 5-25. BKPT Timing for Forcing BDI\A 



Figure 5-26 represents a sample circuit providing for both BKPT assertion methods. As the 
name implies, FORCE_BGND is used to force a transition into BDM by the assertion of 
BKPT. FORCE_BGND can be a short pulse or can rem ain asserted until FREEZE is 
asserted. Once asserted, the set-reset latch holds BKPT low until the first SHIFT_CLK is 
applied. 



BKPTJAG ■ 
SHIFT.CLK 



y: 



RESET — ^O-^- 
FORCE_BGND 




BKPT/DSCLK 



Figure 5-26. BKPT/DSCLK Logic Diagram 

BKPT_TAG should be timed to the bus cycles since it is not latched, if extended past the 
assertion of FREEZE, the negation of BKPT_TAG appears to the CPU32+ as the first 
DSCLK. 
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DSCLK, the gated serial clock, is normally high, but it pulses low for each bit to be 
transferred. At the end of the seventeenth clock period, it remains high until the start of the 
next transmission. Clock frequency is implementation dependent and may range from DC 
to the maximum specified frequency. Although performance considerations might dictate a 
hardware implementation, software solutions can be used provided serial bus timing is 
maintained. 

5.6.2.8 COMMAND SET. The following paragraphs describe the command set available in 
BDM. 

5.6.2.8.1 Command Format. The following standard bit format is utilized by all BDM 
commands. 




15 




10 


9 


8 


7 6 


5 


4 


3 


2 


OPERATION 





R/W 


OP SIZE 








A/D 


REGISTER 


EXTENSION WORD(S) | 



Bits 15-10— Operation Field 

The operation field specifies the commands. This 6-bit field provides for a maximum of 
64 unique commands. 

R/W Field 

The R/W field specifies the direction of operand transfer. When the bit Is set, the 
transfer is from theCPU to the development system. When the bit is cleared, data is 
written to the CPU or to memory from the development system. 

Operand Size 

For sized operations, this field specifies the operand data size. All addresses are 
expressed as 32-bit absolute values. The size field Is encoded as listed in Table 5-22. 

Table 5-22. Size Field Encoding 



Encoding 


Operand Size 


00 


Byte 


01 


Word 


10 


Long 


11 


Reserved 



Address/Data (A/D) Field 

The A/D field is used by commands that operate on address and data registers. It 
determines whether the register field specifies a data or address register. One indicates 
an address register: zero indicates a data register. For other commands, this field may 
be interpreted differently. 

Register Field: 

In most commands, this field specifies the register number for operations performed on 
an address or data register. 
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Extension Worcl(s) (as required): 
At this time, no command requires an extension word to specify fully the operation to be 
performed, but some commands require extension words for addresses or immediate 
data. Addresses require two extension words because only absolute long addressing is 
permitted. Immediate data can be either one or two words in length— byte and word 
data each require a single extension word; long-word data requires two words. Both 
operands and addresses are transferred most significant word first. 

5.6.2.8.2 Command Sequence Diagram. A command sequence diagram (see Figure 5- 
27) illustrates the serial bus traffic for each command. Each bubble in the diagram 
represents a single 17-bit transfer across the bus. The top half in each diagram 
corresponds to the data transmitted by the development system to the CPU; the bottom 
half corresponds to the data returned by the CPU in response to the development system 
commands. Command and result transactions are overlapped to minimize latency. 

The cycle in which the command is issued contains the development system command 
mnemonic (in this example, "read memory location"). During the same cycle, the CPU 
responds with either the lowest order results of the previous command or with a command 
complete status (if no results were required). 

During the second cycle, the development system supplies the high-order 16 bits of the 
memory address. The CPU returns a "not ready" response unless the received command 
was decoded as unimplemented, in which case the response data Is the illegal command 
encoding, if an illegal command response occurs, the development system should 
retransmit the command. 

NOTE 

The "not ready" response can be ignored unless a memory bus 
cycle is in progress. Otherwise, the CPU can accept a new 
serial transfer with eight system clocl< periods. 

In the third cycle, the development system supplies the low-order 16 bits of a memory 
address. The CPU always returns the "not ready" response in this cycle. At the completion 
of the third cycle, the CPU initiates a memory read operation. Any serial transfers that 
begin while the memory access is in progress return the "not ready" response. 

Results are returned In the two serial transfer cycles following the completion of memory 
access. The data transmitted to the CPU during the final transfer is the opcode for the 
following command. Should a memory access generate either a bus or address error, an 
error status is returned in place of the result data. 
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COMMANDS TRANSMIHED TO THE CPU32 

' COMMAND CODE TRANSMIHED DURING THIS CYCLE 

I— HIGH-ORDER 16 BITS OF MEMORY ADDRESS 

r— LOW-ORDER 16 BITS OF MEMORY ADDRESS 

r— NONSERIAL-RELATEDAaiVITY 



r— SEQUENCE TAKEN IF 
OPERATION HAS NOT 
COMPLETED 





^ r XXX ^ 

VillegaIv ^ 



■^ 



MSADDR 



NOT READ' 






lsaddr 



'NOT READ 



^ 



^/TJEXTCMDN 
" VNOTREAD^ 



READ 
MEMORY 
LOCATION 



£ 



3 



NEXT 
COMMAND 
}DE 



•—DATA UNUSED FROM 
THIS TRANSFER 



SEQUENCE TAKEN IF 
ILLEGAL COMMAND 
IS RECEIVED BY CPU32 

•— RESULTS FROM PREVIOUS COMMAND 



^ 



.r XXX Ay cqi 

A lNOTREADg T ^ 



A XXX N ^ /"NEHCMDA 
» LmSRESULT> > *V wLSRESULl7 



V/^ XXX ^ /^NEXTCMD^ 
(-»A ^ BERR/AERR^ " VNOTREADiy 



■— SEQUENCE TAKEN IF BUS ERROR 
OR ADDRESS ERROR OCCURS ON 
MEMORY ACCESS 



HIGH- AND LOWORDER 
IfiLBITS OF RESULT 



•— RESPONSES FROM THE CPU 



Figure 5-27. Command Sequence Diagram 

5.6.2.8.3 Command Set Summary. The BDM command set is summarized in Table 5-23. 
Subsequent paragraphs contain detailed descriptions of each command. 
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Table 5-23. BDM Command Summary 



Command 


Mnemonic 


Description 


Read A/D Register 


RAREG/RDREG 


Read the selected address or data register and retum the results 
via the serial interface. 


Write A/D Register 


WAREG/WDREG 


The data operand is written to the specified address or data 
register. 


Read System Register 


RSREG 


The specified system control register is read. All registers that can 
be read in supervisor mode can be read in BDM. 


Write System Register 


WSREG 


The operand data is written into the specified system control 
register. 


Read Memory Location 


READ 


Read the sized data at the memory location specified by the long- 
word address. The SFC register determines the address space 
accessed. 


Write Memory Location 


WRITE 


Write the operand data to the memory location specified by the 
long-word address. The DFC register determines the address 
space accessed. 


Dump Memory Block 


DUMP 


Used in conjunction with the READ command to dump large blocks 
of memory. An initial READ is executed to set up the starting 
address of the block and to retrieve the first result. Subsequent 
operands are retrieved with the DUMP command. 


Fill Memory Block 


FILL 


Used in conjunction with the WRITE command to fill large blocks of 
memory. An initial WRITE Is executed to set up the starting 
address of the block and to supply the first operand. Subsequent 
operands are written with the FILL command. 


Resume Execution 


GO 


The pipeline is flushed and refilled before resuming instruction 
execution at the retum PC. 


Call User Code 


CALL 


Current PC is stacked at the location of the current SP. Instruction 
execution begins at user patch code. 


Reset Peripherals 


RST 


Asserts RESET for 512 clock cycles. The CPU is not reset by this 
command. Synonymous with the CPU RESET instruction. 


No Operation 


NOP 


NOP performs no operation and may be used as a null command. 




5.6.2.8.4 Read A/D Register (RAREG/RDREG). Read the selected address or data 
register and retum the results via the serial interface. 

Command Fomriat: 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


S 


4 


3 


2 1 


1 • 





1 








« 1 





1 


1 


» 








A/D 


REGISTER 



Command Sequence: 



/^ RDREG/RAREG"^ /^ XXX A /'NEXTCMlTN 

V . ??? J \ VMS RESULT J ^SRESU[t7 



X 



/^ XXX ^ ^/^NEXTCMD^ 
V . 'ILLEGAL' J VNOTREADYV 



Operand Data: 
None 
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Result Data: 
The contents of the selected register are returned as a long-word value. The data is 
returned most significant word first. 

5.6.2.8.5 Write A/D Register (WAREG/WDREG). The operand (long-word) data Is written 
to the specified address or data register. All 32 bits of the register are altered by the write. 

Command Fomnat: 



15 


14 


13 


12 11 


10 


9 


8 


7 


6 


5 4 3 2 


1 » 





1 


1 











1 





1 i A/D 1 REGISTER | 




Command Sequence: 



( 



WDREG/WAREG 

7?r 



^ ■a^SDATA \ ^r LSDATA N ^ /'"NEXT CMP \ 
17 A VNOTREADYV ^ ^•NOTREAPrJ '^ \ ^'CMD C0MPLETe9 






A XXX A ^/^NEXTCMD^ 
i , ■ILLEGAL- J ^ VNOTREADVj 



Operand Data: 
Long-word data is written into the specified address or data register. The data is 
supplied most significant word first. 

Result Data: 
Command complete status ($OFFFF) is returned when register write Is complete. 

5.6.2.8.6 Read System Register (RSREG). The specified system control register is read. 
All registers that can be read In supervisor mode can be read in BDM. Several intemal 
temporary registers are also accessible. 

Command Fomiat: 



15 



14 



13 



12 



11 



10 



I ° I ° I ^ i ° I 



rnuZHEI 



REGISTER 



Command Sequence: 



A RSREG 



^^^ >r XXX ^ > /^ 

y A \MS RESULT J '^ XJl 



nextcmdA 

LSftESUiy 



/^""XXX N ^ /NEXT CMP \ 
V ^ -ILLEGAL- J ^ ^NOTftEA&Vj 



Operand Data: 

None 
Result Data: 
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Always returns 32 bits of data, regardless of the size of the register being read. If the 
register is less than 32 bits, the result is returned zero extended. 

Register Field: 
The system control register is specified by the register field (see Table 5-24). 

Table 5-24. Register Field for RSREG and WSREG 



System Register 


Select Code 


Return Program Counter (RPC) 


0000 


Current Instruction Program Counter (PCC) 


0001 


status Register (SR) 


1011 


User Stacit Pointer (USP) 


1100 


Supervisor Stacic Pointer (SSP) 


1101 


Source Function Code Register (SFC) 


1110 


Destination Function Code Register (DFC) 


1111 


Temporary Register A (ATEMP) 


1000 


Fault Address Register (FAR) 


1001 


Vector Base Register (VBR) 


1010 




5.6.2.8.7 Write System Register (WSREG). Operand data is written into the specified 
system control register. All registers that can be written in supervisor mode can be written 
in BDM. Several intemal temporary registers are also accessible. 

Command Fomiat: 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 







1 





1 








1 








1 











REGISTER 1 



Command Sequence: 



r WSREG A_ /^l4S"DATA A A LS DATA'S >/;_ NEXT CMP ^ 
V . ??? / \ VN0TREADY7 yNOTREADYy ^CMD COMPLETE'J 



/^ XXX A ^/^NEXTCMD\ 
^ ^ -ILLEGAL- J n jNOTREADVy 



Operand Data: 

The data to be written into the register is always supplied as a 32-bit long word. If the 
register is less than 32 bits, the least significant word is used. 

Result Data: 
"Command complete" status is returned when register write is complete. 
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Register Field: 
The system control register is specified by the register field (see Table 5-24). The FAR 
is a read-only register— any write to it is ignored. 

5.6.2.8.8 Read Memory Location (READ). Read the sized data at the memory location 
specified by the long-word address. Only absolute addressing is supported. The SFC 
register detemiines the address space accessed. Valid data sizes include byte, word, or 
long word. 

Command Format: 




IS 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 


3 


2 


1 





1 » 








1 


1 








1 


OP SIZE 











° 





• 1 



Command Sequence: 



r READ(BW)^ /^MSADDR ^ w /^ LS ADDR A 

V ??? J ^ V LNOTREADYV VNOTREADYV 

( "~XXX > .^ A NEXT CMP A 

lilEGAL'J •' ^■NOTREADY:^ 






READ 
MEMORY 
LOCATION 



c: 



^ 



A XXX \ 

yriOTREADYy 



nextcmdN 

RESULT J 



D 



^ 



A XXX "N ^/"nextcmd^ 
V ^berr/aerrJ '^V :notrea5yv 



/^READ(LONG)'\ r MS ADDR A ^ /^ LSADDR A 

V ??? 7 >v ^ vlnotreadyv ^ vnotreadyv 

W/^ XXX ^ ^/^NEXTCMD^ 

'^ V 'ILLEGAL- J ^ V JJOT REAPYy 



READ 
MEMORY 
LOCATION 



£ 



^ 



/ XXX ^ 

VTJ0TREADY7 

XXX 

^MSRESULT 



3 



^^ r XXX ""^ ^/^nextcmdA 

^V ^MSRESULfy ^ V.LS RESULT V 

r XXX ^ ■^/'nextcmda 

VBERR/AERRy V^NOTREADYy 



Operand Data: 
The single operand is the long-word address of the requested memory location. 

Result Data: 
The requested data is returned as either a word or long word. Byte data is returned in 
the least significant byte of a word result, with the upper byte cleared. Word results 
return 1 6 bits of significant data; long-word results return 32 bits. 

A successful read operation returns data bit 16 cleared. If a bus or address error is 
encountered, the retumed data is $iOOOi . 

5.6.2.8.9 Write l\/lemory Location (WRITE). Write the operand data to the memory 
location specified by the long-word address. The DFC register determines the address 
space accessed. Only absolute addressing is supported. Valid data sizes include byte, 
word, and long word. 
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Command Fomfiat: 

15 14 13 12 11 



10 



6 



I ' I ' I 



OP SIZE 



Command Sequence: 



rwm£lBM)\ ^ /l^ADDR A ^ /^ LS ADDR \^ /^ 

V ??? J ^ ^V a<OTREADYV '^ VNOTREADYV '^VN 

r XXX A^ANEXTCMDA 
V TiLLEGAL' J ^ ^OT READYV 







rWRlTE (LONQr\ ^ / MS ADDR ^ ■> / LS ADDR \^ /^ 
V. ??? J ^ 'y ^JREAPrJ '^ V^NOTREADYT "^ 

" XXX A ^ /NEXT CMP A 
■|LLE(5AL'J ^ WreADY9 



MS DATA 
NOT READY- 



r LSDATA A 
VNOTREAPYy " 



WRITE 
MEMORY 
LOCATION 



cz 



^ 



/ XXX 'N 

V tlOT READYy 



D 



N EXT CMP ^ 
CMDCOMPLETEV 



r XXX 

c 



^ 



D 



^ 



NEXT CMP A 
NOTR ^J 




Operand Data: 
Two operands are required for this instruction. The first operand is a long-word absolute 
address that specifies a location to which the operand data is to be written. The second 
operand is the data. Byte data is transmitted as a 16-bit word, justified in the least 
significant byte; 16- and 32-bit operands are transmitted as 16 and 32 bits, respectively. 

Result Data: 
Successful write operations return a status of $OFFFF. Bus or address errors on the 
write cycle are indicated by the assertion of bit 16 in the status message and by a data 
pattem of $0001 . 

5.6.2.8.10 Dump Memory Block (DUMP). DUMP is used in conjunction with the READ 
command to dump large blocks of memory. An initial READ is executed to set up the 
starting address of the block and to retrieve the first result. Subsequent operands are 
retrieved with the DUMP command. The initial address is incremented by the operand size 
(1, 2, or 4) and saved in a temporary register. Subsequent DUMP commands use this 
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address, increment it by the current operand size, and store tlie updated address bacl( in 
tlie temporary register. 

NOTE 

The DUMP command does not check for a valid address in the 
temporary register— DiJiVIP is a valid command only when 
preceded by another DUMP or by a READ command. 
Otherwise, the results are undefined. The NOP command can 
be used for intercommand padding without corrupting the 
address pointer. 

The size field is examined each time a DUMP command is given, allowing the operand 
size to be altered dynamically. 

Command Format: 



15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 


3 


2 


1 





1 • 








1 


1 


1 





1 


OP SIZE 





» 


1 








1 



Command Sequence: 



A)UMPn.ONG?\ 



READ 
MEMORY 
LOCATION 



£ 



^ 



J 



' VNOT READVy 

^/^ NEXT CMP ^ 
" V RESULT J 

N XXX N /^ NEXT CMP "\ 

BERR/AERRy VNOTREAPYy 

/^ XXX ^ /^NEXTCMD^ 

V 'ILLEGAL' J ' VNOT READY'y / 



fPVMPdONgT) 

V m J 



READ 
MEMORY 
LOCATION 



L 



\ 



<. 



/ XXX \) 

' VNOTREAPYV 



,/^nextcmdA ^/"nextcmrA 

\ MS RESULT / VLSRESULfy 



^ 



r XXX ^ ^/^NEXTCMD^ 
VBERR/AERRy VNOTREAPYy 



/" XXX ^ /^ next CMP A 
V 'ILLEGAL' J VNOT REAP^ 
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Operand Data: 
None 

Result Data: 

Requested data is returned as either a word or long word. Byte data is returned in the 
least significant byte of a word result. Word results return 16 bits of significant data; 
long-word results return 32 bits. Status of the read operation is returned as in the READ 
command: $Oxxxx for success, $10001 for bus or address errors. 

5.6.2.8.11 Fill Memory Block (FILL). FILL is used in conjunction with the WRITE 
command to fill large blocks of memory. An initial WRITE is executed to set up the starting 
address of the block and to supply the first operand. Subsequent operands are written 
with the FILL command. The initial address is incremented by the operand size (1 , 2, or 4) 
and is saved in a temporary register. Subsequent FILL commands use this address, 
increment it by the current operand size, and store the updated address back in the 
temporary register. 

NOTE 

The FILL command does not check for a valid address in the 
temporary register^FILL is a valid command only when 
preceded by another FILL or by a WRITE command. 
Otherwise, the results are undefined. The NOP command can 
be used for intercommand padding without corrupting the 
address pointer. 

The size field is examined each time a FILL command is given, allowing the operand size 
to be altered dynamically. 

Command Fomiat: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 ^ ° . 

|o|o|o|l|l 1 0| OPSIZE I ~0 I I I 
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Command Sequence: 



r FILKBAWA r MSDATA \ ^( LSDATA ^ 

V ??? y ^ ^ VNOTREADYV ^ VNOTREADYV " 



T 



( XXX \^r NEXT CMP A 
V 'ILLEGAL' y VNOT READYV 



WRITE 
MEMORY 
LOCATION 






) 



s. 



/ XXX A 

VNOTREADY-y 

/2n^cmdI]\ 

V gMDOOMPLffly 

/" XXX ^ /^NEXTCMD^ 

V ^BERR/AERRV VNOTREAD'O / 




FILULONGT 



■>Z: DATA A 

??? V A Vnotread^ 

/^ XXX ^ /^ NEXT CMP ^ 

V 'ILLEGAL' y VNOT REAPYV 



WRITE 
MEMORY 
LOCATION 



£ 



■^ 



/^ XXX Ay 

VNOTREAPry 



<, 



/" NEXT CMP A 
V gMPCOMPLEfEy 

f xxx^ /^nextcmpA 

VBERR/AERR^ V'NOT READ^ 



Operand Data: 
A single operand is data to be written to tlie memory location. Byte data is transmitted 
as a 16-bit word, justified in tiie least significant byte; 16- and 32-bit operands are 
transmitted as 16 and 32 bits, respectively. 

Result Data: 

Status is returned as in the WRITE command: $OFFFF for a successful operation and 
$10001 for a bus or address error during write. 

5.6.2.8.12 Resume Execution (GO). The pipeline is flushed and refilled before nomnal 
Instruction execution is resumed. Prefetching begins at the return PC and current privilege 
level. If either the PC or SR is altered during BDIVI, the updated value of these registers is 
used when prefetching commences. 

NOTE 

The processor exits BDM when a bus error or address error 
occurs on the first instruction prefetch from the new PC— the 
error is trapped as a normal mode exception. The stacked 
value of the current PC may not be valid in this case, 
depending on the state of the machine prior to entering BDM. 
For address error, the PC does not reflect the true return PC. 
Instead, the stacked fault address is the (odd) return PC. 

Command Fomriat: 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 

















1 


1 




















« 


» 





• 1 
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Command Sequence: 



I 



NORMAL 
MODE 



/^ XXX A ^ANEXTCMD^ 
V 'ILLEGAL' J ' VNOT READY!/ 



Operand Data: 
None 

Result Data: 
None 

5.6.2.8.13 Call User Code (CALL). This instruction provides a convenient way to patch 
user code. The retum PC is stacked at the location pointed to by the current SP. The 
stacked PC serves as a return address to be restored by the RTS command that 
terminates the patch routine. After stacking is complete, the 32-bit operand data is loaded 
into the PC. The pipeline is flushed and refilled from the location pointed to by the new 
PC, BDM is exited, and nonnal mode instruction execution begins. 

NOTE 

If a bus error or address error occurs during return address 
stacking, the CPU returns an error status via the serial 
interface and remains in BDM. 

If a bus error or address error occurs on the first instruction 
prefetch from the new PC, the processor exits BDM and the 
error is trapped as a normal mode exception. The stacked 
value of the current PC may not be valid in this case, 
depending on the state of the machine prior to entering BDM. 
For address error, the PC does not reflect the true return PC. 
Instead, the stacked fault address is the (odd) retum PC. 

Command Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

|o|o|o|o|i o|o o|o|o|o|o"| 
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Command Sequence: 



( CALL ^ /^ImSADDR ^ r LSADDR ^ 

V m J \ VNOTREADYV VNOTREADYV " 



X 



STACK 
RETURN PC 



/^ XXX ^ /^NEXTCMD\ 
V ILLEGAL' J VNOTREADYV 



FREEZE 
NEGATED 



PREFETCH 
STARTED 



T 



NORMAL 
MODE 



/" XXX A /"NEXT CMP A 

V berr/aerrJ vnot REAory 




Operand Data: 
The 32-bit operand data is tlie starting location of the patch routine, which is the initial 
PC upon exiting BDM. 

Result Data: 

None 
As an example, consider the following code segment. It outputs a character from the 
MC68340 serial module channel A. 



CHKSTAT: 



MOVE.B 

BNE.B 

MOVE.B 



SRA,DO 

CHKSTAT 

TBA,OUTPUT 



Move serial status to DO 
Loop until condition true 
Transmit character 



MISSING: 



ANDI.B 
RTS 



#3.D0 



Check for TxEMP flag 



BDM and the CALL command can be used to patch the code as follows: 

1 . Breakpoint user program at CHKSTAT 

2. Enter BDM 

3. Execute CALL command to MISSING 

4. Exit BDM 

5. Execute MISSING code 

6. Retum to user program 



5.6.2.8.14 Reset Peripherals (RSI). RST asserts RESET for 512 clock cycles. The CPU 
is not reset by this comnnanri. Thjs commcind Is synonymous with the CPU RESET 
instruction. 
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Command Format: 

15 14 13 12 11 



10 






1 


1 

































Command Sequence: 



V ??? T 



^ 



ASSERT 
RESET 



£ 



) 



\ 



VNOTREADYV 

/^ NEXT CMP ^ 
'V LCMDCOMPLETEy 



V r XXX A /^nextcmdA 

V ■ILLEGAL'y ^NOT READY!/ 




Operand Data: 
None 

Result Data: 

The "command complete" response ($OFFFF) is loaded into the serial shifter after 
negation of RESET. 

5.6.2.8.15 No Operation (NOP). NOP performs no operation and may be used as a null 
command where required. 

Command Format: 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 














»l 







































Command Sequence: 



r ^°P ^ - rf NEXT CMP > 
V ??? J \ ^'CMP COMPLETE V 



r XXX ^ ^/^NEXTCMP^ 

^ ■ILLEGAL- J ' ^> ;N0T REAPy7 



Operand Data: 
None 

Result Data: 

The "command complete" response ($OFFFF) is returned during the next shift 
operation. 
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5.6.2.8.16 Future Commands. Unassigned command opcodes are reserved by Motorola 
for future expansion. All unused formats within any revision level will perform a NOP and 
retum the ILLEGAL command response. 

5.6.3 Deterministic Opcode Traclcing 

The CPU32+ utili zes dete rministic opcode tracking to trace program execution. Two 
signals, IFIRE and IFETCH, provide all information required to analyze instruction pipeline 
operation. 




5.6.3.1 INSTRUCTION FETCH (iPETC H). IFETC H indicates which bus cycles are 
accessing data to fill the instruction pipeline. IFETCH is pulse-wi dth modu lated to multiplex 
two indications on a single pin. Asserted for a single clock cycle, IFETCH indicates that the 
data from the current bus cycle is to be routed to the instruction pipeline. IFETCH held low 
for two clock cycles indicates that the instruction pipeline has been flushed. The data from 
the bus cycle Is used t o begin f illing the empty pipeline. Both user and supervisor mode 
fetches are signaled by IFETCH. 



Proper tracking of b us cycles via IFETCH on a fast bus requires a simple state machine. 
On a two-clock bus, IFETCH may signal a pipeline flush with associated prefetch followed 
Immediately by a second prefetch. That Is, IFETCH remains asserted for three clocks, two 
clocks indicating the flush/fetch and a third clock signaling th e second fetch. These two 
operations are easily discerned if the tracking logic samples IFETCH on the two rising 
edges of CLKOUT, which follow the AS (DS during show cycles) falling edge. Three-clock 
and slower bus cycles allow time for negation of the signal between consecutive 
indications and do not experience this operation. 



5.6.3.2 INSTRUCTION PIPE (IPIPE1-IPIPE0). The internal Instruction pipeline can be 
modeled as a three-stage FIFO (see Figure 5 - 28). Stag e A is an Input buffer— data can be 
used out of stages B and C. The IPIPE1-IPIPE0 signals indicate the advance of 
instructions in the pipeline. 

The 16-bit instruction register A (IRA) and 16-bit instruction register L (IRL) hold incoming 
words as they are prefetched. No decoding occurs in IRA or IRL. Instruction register B 
(IRB) provides initial decoding of the opcode and decoding of extension words; it is a 
source of immediate data. Instruction register C (iRC) supplies residual opcode decoding 
during instruction execution. 
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Figure 5-28. Functional i\/lodel of Instruction Pipeline 

IRA is of liigher priority tlian IRL. IRL is only loaded from the 1MB when a 32-bit instruction 
fetch is performed. IRA is loaded during every instruction fetch. 

IRB is loaded from the contents of IRA or IRL, depending on which one is currently valid. If 
both IRA and IRL are valid, then IRA is loaded into IRB before IRL is loaded into IRB. 




When IPIPE1 is low during a clock cycle, it indicates the use of data from IRB on that clock 
cycle. IPIPE1 should be sampled by the user on the falling edge of CLK01 . Regar dless of 
the presence of valid data in IRA or IRL, the contents of IRB are invalidated when IPIPE1 
is asserted. If IRA or IRL contain valid data, the data is copied into IRB (IRA/IRL => IRB), 
and the IRB stage is revalidated. 



When IPIPEO is low during a clock cycle, it indicates the start of a new instruction and 
subsequent replacement of data in IRC. This action causes a full advance of the pipeline 
(IRB => IRC and IRA/IRL => IRB). IRA and/or IRL is refilled during the next instruction 
fetch bus cycle. 

Data loaded into IRA and IRL propagates automatically through subsequent empty 
pipeline stages. Signals that show the progress of instructions through IRB and IRC are 
necessary to accurately monitor pipeline operation. These signals are provided by IRA, 
IRL and IRB validity bits. When a pipeline advance occurs, the validity bit of the stage 
being loaded is set, and the validity bit of the stage supplying the data is negated. 



Because instruction execution is not timed to bus activity, IPIPE1-IPIPE0 are 
synchronized with the system clock and not the bus. Figure 5-29 illustrates the timing in 
relation to the system clock. 
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IPIPEO \ / 

INSTRUCTION 
START 



IPIPE1 



EXTENSION 
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\ USED / 



A f 

INSTRUCTION 
START 




Figure 5-29. Instruction Pipeline Timing Diagram 

IPIPE1 -IPIPEO should be sampled on the falling edge of the clock. Loading IRC always 
Indicates that an instruction Is beginning execution — the opco de Is loa ded i nto IRC by the 
transfer. In BDM mode, the data output DSO is connected to IPIPEO. The IPIPE1 pin is 
unused in BDM mode. 



5.6.3.3 OPCODE TRACKING D URING L OOP MODE. IPIPE and IFETCH continue to 
work normally during loop mode. IFETCH indicates ail Instructio n fetch es up through the 
point that data begins recirculating within the instruction pipeline. IPIPE continues to signal 
the start of instructio ns and the use of extension words even though data Is being 
recirculated internally. IFETCH returns to normal operation with the first fetch after exiting 
loop mode. 

5.7 INSTRUCTION EXECUTION TIMING 

This section describes the Instruction execution timing of the CPU32+. External clock 
cycles are used to provide accurate execution and operation timing guidelines, but not 
exact timing for every possible circumstance. This approach is used because exact 
execution time for an instruction or operation depends on concurrence of independently 
scheduled resources, on memory speeds, and on other variables. 

An assembly language programmer or compiler writer can use the information In this 
section to predict the performance of the CPU3^+. Additionally, timing for exception 
processing Is included so that designers of multitasking or real-time systems can predict 
task-switch overhead, maximum interrupt latency, and similar timing parameters. 
Instruction timing is given In clock cycles to eliminate clock frequency dependency. 

Most instruction timing information in the following subsections is taken from the CPU32 
documentation. It applies to the CPU32+ when it is executing In 16-bit mode. However, a 
summary of experiments run on the CPU32+ and the CPU32 is given In Table 5-25. The 
tests show general indications of performance improvement of the CPU32+ over the 
CPU32. Actual results on real applications may vary. 
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Table 5-25. CPU32+ Performance Improvement over the CPU32 



Conditions 


Bus Cycle Length 


2 


3 


5 


PI/BU (see Note) 


16-Bit Data Bus 


0/78 


0/89 


0/95 


32-Bit Data Bus with 16-Bit Operands Only 
(e.g.. MOVE.W. CLR.W, etc.) 


6/52 


13/65 


24/76 


32-Bit Data Bus with 32-Bit Operands Only 
(e.g., MOVE.L, MOVEA.L, MOVEM.L etc.) 


13/50 


40/62 


58/73 



NOTE: 

PI = % Performance Increase over a CPU32 in the same conditions 
BU = % Bus Utilization taken by the processor in the experiment 

Note that the CPU32-f- gains a significant performance advantage (58%) over the original 
CPU32 when using long operands on a slow external bus. (iVIost compilers generate code 
using long operands where possible.) Thus, the CPU32-I- performance in 32-bit mode 
"falls off" less rapidly than does the original CPU32. 

Also, note that the use of a 32-bit data bus reduces external bus utilization by 1 9 to 28 
percentage points (e.g., 78-50 = 28%). This reduction gives more time for peripherals, 
such as DMA channels, to use the bus without adversely affecting overall system 
performance. In the best case, the CPU32-I- can use as little as 50% of the bus, even 
though instructions execute continuously. 




5.7.1 Resource Scheduling 

The CPU32+ contains several independently scheduled resources. The organization of 
these resources within the CPU32+ Is shown in Figure 5-30. Some variation in Instruction 
execution timing results from concurrent resource utilization. Because resource 
scheduling is not directly related to Instruction boundaries, it is impossible to make an 
accurate prediction of the time required to complete an instruction without knowing the 
entire context within which the instruction is executing. 

5.7.1.1 MICROSEQUENCER. The microsequencer either executes microinstructions or 
awaits completion of accesses necessary to continue microcode execution. The 
microsequencer supervises the bus controller. Instruction execution, and Internal 
processor operations such as calculation of EA and setting of condition codes. It also 
initiates instruction word prefetches after a change of flow and controls validation of 
Instruction words In the instruction pipeline. 

5.7.1.2 INSTRUCTION PIPELINE. The CPU32-I- contains a two-word instruction pipeline 
where instruction opcodes are decoded. Each stage of the pipeline is initially filled under 
microsequencer control and subsequently refilled by the prefetch controller as It empties. 

Stage A of the instruction pipeline Is a buffer. Prefetches completed on the bus before 
stage B empties are temporarily stored in this buffer. Instruction words (Instruction 
operation words and all extension words) are decoded at stage B. Residual decoding and 
execution occur in stage C. 



MOTOROLA 



MC68360 USER'S MANUAL 



5-89 



Each pipeline stage lias an associated status bit that shows whether the word in that 
stage was loaded with data from a bus cycle that terminated abnormally. 

5.7.1.3 BUS CONTROLLER RESOURCES. The bus controller consists of the instruction 
prefetch controller, the write pending buffer, and the microbus controller. These three 
resources transact all reads, writes, and instruction prefetches required for instruction 
execution. 

The bus controller and microsequencer operate concurrently. The bus controller can 
perform a read or write or schedule a prefetch while the microsequencer controls EA 
calculation or sets condition codes. 




The microsequencer can also request a bus cycle that the bus controller cannot perfonn 
immediately. When this happens, the bus cycle is queued, and the bus controller runs the 
cycle when the current cycle has completed. 



MICROSEQUENCER AND CONTROL 



CONTRa STORE 



H 



CONTROL LOGIC 



^ 



ADDRESS /I — 
BUS\j — 



k: 



INSTRUCTION PIPELINE 



STAGE 
C 



^"^^<^ < 



EXECUTION UNIT 



PROGRAM 
COUNTER 
SECTION 



DATA 
SECTION 
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WRITE-PENDING 
BUFFER 




PREFETCH 
CONTROLLER 
























MICROBUS 
COMTROI 1 PR 


— ' 














■ 









BUS CONTROL 
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c 



— Ndata 

I ^BUS 



Figure 5-30. Block Diagram of Independent Resources 

5.7.1.3.1 Prefetch Controller. The instruction prefetch controller receives an initial 
request from the microsequencer to initiate prefetching at a given address. Subsequent 
prefetches are initiated by the prefetch controller whenever a pipeline stage is invalidated, 
either through instruction completion or through use of extension words. Prefetch occurs 
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as soon as the bus is free of operand accesses previously requested by the 
microsequencer. Additional state information permits the controller to Inhibit prefetch 
requests when a change in instruction flow (e.g., a jump or branch instruction) is 
anticipated. 

In a typical program, 10 to 25 percent of the instructions cause a change of flow. Each 
time a change occurs, the instruction pipeline must be flushed and refilled from the new 
instruction stream. If instruction prefetches, rather than operand accesses, were given 
priority, many instruction words would be flushed unused, and necessary operand cycles 
would be delayed. To maximize available bus bandwidth, the CPU32-f will schedule a 
prefetch only when the next instruction is not a change-of-flow instruction and when there 
is room in the pipeline for the prefetch. 

5.7.1.3.2 Write-Pending Buffer. The CPU32+ incorporates a single-operand write- 
pending buffer. The buffer permits the microsequencer to continue execution after a 
request for a write cycle is queued in the bus controller. The time needed for a write at the 
end of an instruction can overlap the head cycle time for the following instruction, thus 
reducing overall execution time. Interlocks prevent the microsequencer from overwriting 
the buffer, 

5.7.1.3.3 Microbus Controller. The microbus controller performs bus cycles issued by 
the microsequencer. Operand accesses always have priority over instruction prefetches. 
Word and byte operands are accessed in a single CPU-initiated bus cycle, although the 
external bus interface may be required to initiate a second cycle when a word operand is 
sent to a byte-sized external port. If long operands are accessed from a 16-bit port, they 
are accessed in two bus cycles, most significant word first. 

The instruction pipeline is capable of recognizing instructions that cause a change of flow. 
It informs the bus controller when a change of flow is imminent, and the bus controller 
refrains from starting prefetches that would be discarded due to the change of flow. 

5.7.1.4 INSTRUCTION EXECUTION OVERLAP. Overlap is the time, measured in clock 
cycles, that an instruction executes concurrently with the previous instruction. As shown in 
Figure 5-31, portions of instructions A and B execute simultaneously, reducing total 
execution time. Because portions of instructions B and C also overlap, overall execution 
time for all three instructions is also reduced. 

Each instruction contributes to the total overlap time. The portion of execution time at the 
end of instruction A that can overlap the beginning of instruction B is called the tail of 
instruction A. The portion of execution time at the beginning of instruction B that can 
overlap the end of instruction A is called the head of instruction B. The total overlap time 
between Instructions A and B is the smaller tail of A and the head of B. 
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INSTRUCTION A- 



INSTRUCTION B ■ 



INSTRUCTION C 




OVERLAP OVERLAP 

Figure 5-31. Simultaneous Instruction Execution 

The execution time attributed to instructions A, B, and C after considering the overlap is 
illustrated in Figure 5-32. Tlie overlap time is attributed to the execution time of the 
completing instruction. The following equation shows the method for calculating the 
overlap time: 

Overlap = min (TailN, HeadN+i) 



■ INSTRUCTION A ■ 



INSTRUCTION B ( 

I INSTRUCTION C ■ 



OVERLAP OVERLAP 

PERIOD PERIOD 

(ABSORBED BY (ABSORBED BY 

INSTRUCTION A) INSTRUCTION B) 

Figure 5-32. Attributed Instruction Times 

5.7.1.5 EFFECTS OF WAIT STATES. The CPU32+ access time for on-chip peripherals is 
two clocl<s. While two-clock external accesses are possible when the bus is operated in a 
synchronous mode, a typical external memory speed is three or more clocks. 

All instruction times listed in this section are for word access only (unless an explicit 
exception is given), and are based on the assumption that both instruction fetches and 
operand cycles are to a two-clock memory. Wait states due to slow external memory must 
be added to the access time for each bus cycle. 

A typical application has a mixture of bus speeds — program execution from an off-chip 
ROM, accesses to on-chip peripherals, storage of variables in slow off-chip RAM, and 
accesses to external peripherals with speeds ranging from moderate to very slow. To 
arrive at an accurate instruction time calculation, each bus access must be individually 
considered. Many instructions have a head cycle count, which can overlap the cycles of 
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an operand fetch to slower memory started by a previous instruction. In these cases, an 
increase in access time has no effect on the total execution time of the pair of instructions. 

To trace instruction execution time by monitoring the external bus, note that the order of 
operand accesses for a particular instruction sequence is always the same provided bus 
speed is unchanged and the interleaving of instruction prefetches with operands within 
each sequence is identical. 

5.7.1.6 INSTRUCTION EXECUTION TIME CALCULATION. The overall execution time 
for an instruction depends on the amount of overlap with previous and subsequent 
instructions. To calculate an instruction time estimate, the entire code sequence must be 
analyzed. To derive the actual instruction execution times for an instruction sequence, the 
instruction times listed in the tables must be adjusted to account for overlap. 

The formula for this calculation is as follows: 

Ci - min (Ti , H2) + C2 - min (T2, H3) + C3 - min (T3, H4) + . . . 

where: 

On is the number of cycles listed for instruction N 

Tn is the tail time for instruction N 

Hn Is the head time for instruction N 

min (Tn, Hm) is the minimum of parameters Tn and Hm 

The number of cycles for the instruction (On) can include one or two EA calculations in 
addition to the raw number in the cycles column. In these cases, calculate overall 
instruction time as if it were for multiple instructions, using the following equation: 

(CEA) - min (Tea. Hop) +Cop 

where: 

<CEA) is the instruction's EA time 

Cop is the Instruction's operation time 

Tea is the EA's tail time 

Hop is the instruction operation's head time 

min (Tn, Hm) is the minimum of parameters Tn and Hm 

The overall head for the instruction is the head for the EA, and the overall tail for the 
instruction is the tail for the operation. Therefore, the actual equation for execution time 
becomes: 

C0P1 - min (T0P1. Hea2) + <CEA>2 - min (Tea2, H0P2) + CoP2 - min (ToP2, Heas) + • • • 
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Every instruction must prefetch to replace itself In tiie instruction pipe. Usually, these 
prefetches occur during or after an instruction. A prefetch is permitted to begin in the first 
clock of any indexed EA mode operation. 

Additionally, a prefetch for an Instruction is permitted to begin two clocks before the end of 
an instruction provided the bus is not being used. If the bus is being used, then the 
prefetch occurs at the next available time when the bus would othenwise be idle. 

5.7.1.7 EFFECTS OF NEGATIVE TAILS. When the CPU32+ changes Instruction flow, the 
instruction decode pipeline must begin refilling before instruction execution can resume. 
Refilling forces a two-clock idle period at the end of the change-of-f low instruction. This 
idle period can be used to prefetch an additional word on the new instruction path. 
Because of the stipulation that each instruction must prefetch to replace Itself, the concept 
of negative tails has been introduced to account for these free clocks on the bus. 

On a two-clock bus, it is not necessary to adjust instruction timing to account for the 
potential extra prefetch. The cycle times of the microsequencer and bus are matched, and 
no additional benefit or penalty is obtained. In the instruction execution time equations, a 
zero should be used instead of a negative number. 

Negative tails are used to adjust for slower fetches on slower buses. Normally, increasing 
the length of prefetch bus cycles directly affects the cycle count and tail values found in 
the tables. 

In the following equations, negative tail values are used to negate the effects of a slower 
bus. The equations are generalized, however, so that they may be used on any speed bus 
with any tail value. 

NEW.TAIL - OLD_TAIL + (NEW_CLOCK - 2) 
IF ((NEW_CLOCK - 4) > 0) THEN 

NEW_CYCLE = OLD_CYCLE + (NEW_CLOCK - 2) + (NEW_CLOCK - 4) 
ELSE 

NEW_CYCLE = OLD_CYCLE + (NEW _CLOCK - 2) 

where: 
NEW_TAiLyNEW_CYCLE is the adjusted tail/cycle at the slower speed 

OLD_TAiLyoLD_CYCLE Is the value listed in the instruction timing tables 

NEW_CLOCK Is the number of clocks per cycle at the slower speed 

Note that many instructions listed as having negative tails are change-of-flow instructions 
and that the bus speed used in the calculation is that of the new instruction stream. 

5.7.2 Instruction Stream Timing Examples 

The following programming examples provide a detailed examination of timing effects. In 
all examples, the memory access is from external synchronous memory, the bus is idle, 
and the instruction pipeline is full at the start. 
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5.7.2.1 TIMING EXAMPLE 1— EXECUTION OVERLAP. Figure 5-33 illustrates execution 
overlap caused by the bus controller's completion of bus cycles while the sequencer is 
calculating the next EA. One clock is saved between instructions since that is the 
minimum time of the individual head and tail numbers. 

Instructions 

MOVE.W A1,(A0) + 

ADDQ.W #1,(A0) 

CLR.W $30 (A1) 



CLOCK 



123 456789012345678 

ruuuiJiJinJuiJiJiJuinnJL^ 





Figure 5-33. Example 1 — Instruction Stream 

5.7.2.2 TIMING EXAMPLE 2— BRANCH INSTRUCTIONS. Example 2 shows what 
happens when a branch instruction is executed for both the taken and not-taken cases, 
(see Figures 5-34 and 5-35). The Instruction stream is for a simple limit check with the 
variable already in a data register. 

Instructions 

MOVEQ #7, D1 

CMP.L D1,D0 

BLE.B NEXT 

MOVE.L D1,(A0) 



6 



8 9 



CLOCK 



rLrumruirLruiTLrLniUL 



BUS 
CONTROLLER 



INSTRUCTION 
CONTROLLER 



EXECUTION 
TIME 



1 PRE- 
FETCH 



MOVEQ 



MOVEQ 
#7,D1 



S'"SM"'^!-WT 



2 PRE- 
FETCH 



CMP 



CMP 
D1,D0 



' s..ijj ' W" ' ,WiM«^ 



OFFSET 
CALC 



PRE- 
FETCH 



TAKEN 



PRE- 
FETCH 



TAKEN 



PRE- 
FETCH 



TAKEN 



BLE.B NOT TAKEN 



NEXT 
4 INST. 



WRITE 
FOR 3 



Figure 5-34. Example 2 — Branch Taken 
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8 9 



CLCXJK 



rmjuuijiJiJinjuuirLrL 



BUS 
CONTROLLER 



INSTRUCTION 
CONTROLLER 



EXECUTION 
TIME 



1 PRE- 
FETCH 



MOVEQ 



MOVEQ 
#7,01 



2 PRE- 
FETCH 



3SS 



CMP 



CMP 
01,00 



OFFSET 
CALC 



3 PRE- 
FETCH 



NOT 
TAKEN 



BLE.B NOT TAKEN 



4 PRE- 
FETCH 



L-tW-H^^yHR^'V"' 



IMOVETO 
AO) 



WRITE 
FOR 4 



WRITE 
FOR 4 



M0VE.LD1,(A0) 




Figure 5-35. Example 2~Branch Not Taken 

5.7.2.3 TIMING EXAMPLE 3— NEGATIVE TAILS. This example (see Figure 5-36) shows 
how to use negative tail figures for branches and other change-of-flow instructions. In this 
example, bus speed is assumed to be four clocks per access. Instruction three is at the 
branch destination. 



Although the CPU32+ has a two-word instruction pipeline, internal delay causes minimum 
branch instruction time to be three bus cycles. The negative tail is a reminder that an extra 
two clocks are available for prefetching a third word on a fast bus; on a slower bus, there 
is no extra time for the third word. 

Instructions 



MOVEQ 

BRA.W 

MOVE.L 



#7, D1 

FARAWAY 

D1,D0 



8 9 



8 9 



CLOCK 



FLJiJiJiJiJLriJinJirLJiJui^^ 



BUS 
CONTROLLER 



INSTRUCTION 
CONTROLLER 



EXECUTION 
TIME 



BRANCH OFFSET 



MOVEQ 



MOVEQ #7.01 



OFFSET 
CALC 



FETCH MOVE.L 



TAKEN 



FETCH NEXT 
INSTRUCTION 



ty^. i^?:'^)y ^ ^< ^ f^^}- i '';"' i ^ ^'i 



TAKEN 



BRA.W FARAWAY 



PREFETCH 



MOVE 
TO 00 



MOVE.L 01,00 



Figure 5-36. Example 3— Branch Negative Tail 
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Example 3 illustrates three different aspects of instruction time calculation: 

1 . The branch instruction does not attempt to prefetch beyond the minimum number of 
words needed for itself. 

2. The negative tail allows execution to begin sooner than a three-word pipeline would 
allow. 

3. There is a one-clock delay due to late arrival of the displacement at the CPU. 

Only changes of flow require negative tail calculation, but the concept can be generalized 
to any instruction — only two words are required to be in the pipeline, but up to three words 
may be present. When there is an opportunity for an extra prefetch, it is made. A prefetch 
to replace an instruction can begin ahead of the instruction, resulting In a faster processor. 

5.7.3 Instruction Timing Tables 

The following assumptions apply to the times shown In the subsequent tables: 

1 . A 16-bit data bus is used for all memory accesses (CPU32+ in 16-bit mode). 

2. Memory access times are based on two-clock bus cycles with no wait states. 

3. The instruction pipeline is full at the beginning of the instruction and is refilled by the 

end of the Instruction. 

Three values are listed for each instruction and addressing mode: 

Head: The number of cycles available at the beginning of an instruction to complete a 
previous instruction write or to perform a prefetch. 

Tail: The number of cycles an instruction uses to complete a write. 

Cycles: Four numbers per entry, three contained in parentheses. The outer number is the 
minimum number of cycles required for the instruction to complete. Numbers 
within the parentheses represent the number of bus accesses performed by the 
instruction. The first number is the number of operand read accesses performed 
by the instruction. The second number is the number of instruction fetches 
performed by the instruction, including all prefetches that keep the instruction and 
the instruction pipeline filled. The third number is the number of write accesses 
performed by the instruction. 

As an example, consider an ADD.L (12, A3, D7.W * 4), D2 instruction. 

5.7.3.5 Arithmetic/Logic Instructions shows that the instruction has a head = 0, a tail = 
0, and cycles = 2 (0/1/0). However, in indexed address register indirect addressing mode, 
additional time is required to fetch the EA. 5.7.3.1 Fetch Effective Address gives 
addressing mode data. For (ds, An, Xn.Sz * Scale), head = 4, tail = 2, cycles = 8 (2/1/0). 
Because this example is for a long access and the fetch EA table lists data for word 
accesses, add two clocks to the tail and to the number of cycles ("X" in table notation) to 
obtain head = 4, tail = 4, cycles = 10 (2/1/0). 

Assuming that no trailing write exists from the previous instruction, EA calculation requires 
six clocks. Replacement fetch for the EA occurs during these six clocks, leaving a head of 
four. If there is no time in the head to perform a prefetch due to a previous trailing write, 
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then additional time to perform the prefetches must be allotted in the middle of the 
instruction or after the tail. 

8 (2 /I /O) 



TOTAL NUMBER OF CLOCKS- 
NUMBER OF READ CYCLES- 
NUMBER OF INSTRUCTION ACCESS CYCLES • 
NUMBER OF WRITE CYCLES • 




The total number of clocks for bus activity is as follows: 

(2 Reads x 2 Clocks/Read) + (1 Instruction Access x 2 Clocks/Access) + 
(0 Writes x 2 Clocks/Write) = 6 Clocks of Bus Activity 

The number of internal clocks (not overlapped by bus activity) is as follows: 

10 Clocks Total - 6 Clocks Bus Activity = 4 Internal Clocks 

Memory read requires two bus cycles at two clocks each. This read time, implied in the tail 
figure for the EA, cannot be overlapped with the instruction because the instruction has a 
head of zero. An additional two clocks are required for the ADD instruction itself. The total 
is 6 + 4 + 2 = 12 clocks. If bus cycles take more time (i.e., the memory is off-chip), add an 
appropriate number of clocks to each memory access. 

The instruction sequence MOVE.L DO, (AO) followed by LSL.L #7, D2 provides an 
example of overlapped execution. The MOVE instruction has a head of zero and a tail of 
four because it Is a long write. The LSL instruction has a head of four. The trailing write 
from the MOVE overlaps the LSL head completely. Thus, the two-instruction sequence 
has a head of zero, a tail of zero, and a total execution of 8 rather than 1 2 clocks. 

General observations regarding calculation of execution time are as follows: 

• Any time the number of bus cycles is listed as "X", substitute a value of one for byte 
and word cycles and a value of two for long cycles. For long bus cycles, usually add a 
value of two to the tail. 

• The time calculated for an instruction on a three-clock (or longer) bus is usually longer 
than the actual execution time. All times shown are for two-clock bus cycles. 

• If the previous instruction has a negative tail, then a prefetch for the current 
instruction can begin during the execution of that previous instruction. 

• Certain instructions requiring an immediate extension word (immediate word EA, 

aKci^liitn XAtnrri X^A orlrlKaee Vaniof/^r inrlir«/%4' lAritK rlior\l<i/%rtnrfcrti-fcl' CA /^^t^Wifi^M*^! 

branches with word offsets, bit operations, LPSTOP, TBL, MOVEM, MOVEC, 
MOVES, MOVER, MULL, DIV.L, CHK2, CMP2, and DBcc) are not permitted to begin 
until the extension word has been in the instruction pipeline for at least one cycle. 
This does not apply to long offsets or displacements. 
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5.7.3.1 FETCH EFFECTIVE ADDRESS. The fetch EA table indicates the number of clock 
periods needed for the processor to calculate and fetch the specified EA. The total 
number of clock cycles is outside the parentheses. The numbers Inside parentheses 
(r/p/w) are included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 



Instruction 


Head 


Tall 


Cycles 


Notes 


Dn 


- 


- 


0(0/0/0) 


- 


An 


- 


- 


0(0/0/0) 


- 


(An) 


1 


1 


3(X/0/0) 


1 


(An)+ 


1 


1 


3(X/0/0) 


1 


-(An) 


2 


2 


4(X/0/0) 


1 


(di6.An)or(di6.PC) 


1 


3 


5(X/1/0) 


1.3 


(xxx).W 


1 


3 


5(X/1/0) 


1 


(xxx).L 


1 


5 


7(X/2/0) 


1 


#(data).B 


1 


1 


3(0/1/0) 


1 


#(data).W 


1 


1 


3(0/1/0) 


1 


#(data).L 


1 


3 


5(0/2/0) 


1 


(ds.An.Xn.Sz x Sc) or (ds.PC.Xn.Sz x Sc) 


4 


2 


8(X/1/0) 


1,2.3.4 


(0) (All Suppressed) 


2 


2 


6(X/1/0) 


1,4 


(die) 


1 


3 


7(X/2/0) 


1,4 


(d32) 


1 


5 


9(X/3/0) 


1,4 


(An) 


1 


1 


5(X/1/0) 


1.2.4 


(Xm.Sz X So) 


4 


2 


8(X/1/0) 


1,2.4 


(An.Xm.Sz x Sc) 


4 


2 


8(X/1/0) 


1,2.3.4 


(di6,An)or(di6.PC) 


1 


3 


7(X/2/0) 


1,3,4 


(d32,An) or (d32,PC) 


1 


5 


9(X/3/0) 


1,3.4 


(d-ie.An.Xm) or (d-ie-PC.Xm) 


2 


2 


8(X/2/0) 


1.3.4 


(d32,An,Xm) or (d32,PC,Xm) 


1 


3 


9(X/3/0) 


1.3.4 


(di6.An,Xm.Sz x Sc) or (di6,PC,Xm.Sz x Sc) 


2 


2 


8(X/2/0) 


1.2,3.4 


(d32,An,Xm.Sz x Sc) or (d32,PC,Xm.Sz x Sc) 


1 


3 


9(X/3/0) 


1,2.3.4 




X = There is one bus cycle for byte and word operands and two bus cycles for long-word operands. 
For long-word bus cycles, add two clocks to the tail and to the number of cycles. 

NOTES: 

1 . The read of the EA and replacement fetches overlap the head of the operation by the amount 
specified in the tail. 

2. Size and scale of the index register do not affect execution time. 

3. The PC may be substituted for the base address register An. 

4. When adjusting the prefetch time for slower buses, extra clocks may be subtracted from the 
head until the head reaches zero, at which time additional clocks must be added to both the tail 
and cycle counts. 

5. Timing is calculated with the CPU32+ in 16-bit mode. 
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5.7.3.2 CALCULATE EFFECTIVE ADDRESS. The calculate EA table indicates the 
number of clock periods needed for the processor to calculate a specified EA. The timing 
is equivalent to fetch EA except there is no read cycle. The tail and cycle time are reduced 
by the amount of time the read would occupy. The total number of clock cycles is outside 
the parentheses. The numbers inside parentheses (r/p/w) are included in the total clock 
cycle number. All timing data assumes two-clock reads and writes. 




Instruction 


Head 


Tail 


Cycles 


Notes 


Dn 


- 


- 


0(0/0/0) 


- 


An 


- 


- 


0(0/0/0) 


- 


(An) 


1 





2(0/0/0) 


- 


(An)+ 


1 





2(0/0/0) 


- 


-(An) 


2 





2(0/0/0) 


- 


(di6.An)or(di6.PC) 


1 


1 


3(0/1/0) 


1,3 


(xxx).W 


1 


1 


3(0/1/0) 


1 


(xxx).L 


1 


3 


5(0/2/0) 


1 


(d8,An,Xn.Sz x Sc) or (dg.PC.Xn.Sz x Sc) 


4 





6(0/1/0) 


2,3,4 


(0) (All Suppressed) 


2 





4(0/1/0) 


4 


(die) 


1 


1 


5(0/2/0) 


1,4 


{d32) 


1 


3 


7(0/3/0) 


1.4 


(An) 


1 





4(0/1/0) 


4 


(Xm.Sz X Sc) 


4 





6(0/1/0) 


2,4 


(An.Xm.Sz x Sc) 


4 





6(0/1/0) 


2,4 


(di6.An)or(di6.PC) 


1 


1 


5(0/2/0) 


1,3,4 


(d32,An) or (d32,PC) 


1 


3 


7(0/3/0) 


1.3,4 


(di6.An,Xm) or(di6.PC,Xm) 


2 





6(0/2/0) 


3.4 


(d32,An,Xm) or (d32,PC,Xm) 


1 


1 


7(0/3/0) 


1.3,4 


(die.An.Xm.Sz x Sc) or (di6.PC,Xm.Sz x Sc) 


2 





6(0/2/0) 


2,3.4 


(d32,An,Xm.Sz x Sc) or (d32,PC,Xm.Sz x Sc) 


1 


1 


7(0/3/0) 


1.2,3,4 



NOTES: 

1 . Replacement fetches overlap the head of the operation by the amount specified in the tail. 

2. Size and scale of the index register do not affect execution time. 

3. The PC may be substituted for the base address register An. 

4. When adjusting the prefetch time for slower buses, extra clocks may be subtracted from the 
head until the head reaches zero, at which time additional clocks must be added to both the tail 
and cycle counts. 

5. Timing is calculated with the CPU32+ in 16-bit mode 
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5.7.3.3 MOVE INSTRUCTION. The MOVE instruction table indicates tiie number of clock 
periods needed for the processor to calculate the destination EA and to perform a MOVE 
or MOVEA instruction. For entries with CEA or FEA, refer to the appropriate table to 
calculate that portion of the instruction time. 

Destination EAs are divided by their formats (see 5.3.4.4 Effective Address Encoding 
Summary). The total number of clock cycles is outside the parentheses. The numbers 
inside parentheses (r/p/w) are included in the total clock cycle number. All timing data 
assumes two-clock reads and writes. 

When using this table, begin at the top and move downward. Use the first entry that 
matches both source and destination addressing modes. 



Instruction 


Head 


Tall 


Cycles 


MOVE Rn, Rn 








2(0/1/0) 


MOVE (FEA), Rn 








2(0/1/0) 


MOVE Rn. (Am) 





2 


4(0/1 /X) 


MOVE Rn,(Am)+ 


1 


1 


5(0/1 /X) 


MOVE Rn,-(Am) 


2 


2 


6(0/1 /X 


MOVE Rn,<CEA) 


1 


3 


5(0/1 /X) 


MOVE (FEA>,(An) 


2 


2 


6(0/1 /X 


MOVE <FEA>. (An)+ 


2 


2 


6(0/1 /X) 


MOVE (FEA). -(An) 


2 


2 


6(0/1/X) 


MOVE #,(CEA) 


2 


2 


6(0/1/X* 


MOVE (CEA). (FEA) . 


2 


2 


6(0/1 /X) 




X = There is one bus cycle for byte and word operands and two bus cycles for long-word 
operands. For long-word bus cycles, add two clocks to the tail and to the number of 
cycles. 

Timing is calculated with the CPU32+ in 16-bit mode. 

• = An # fetch EA time must be added for this instruction: (FEA) +(CEA) + (OPER) 

NOTE: For instructions not explicitly listed, use the MOVE (CEA), (FEA) entry. The source 
EA is calculated by the calculate EA table, and the destination EA is calculated by 
the fetch EA table, even though the bus cycle is for the source EA. 

5.7.3.4 SPECIAL-PURPOSE MOVE INSTRUCTION. The special-purpose MOVE 
instruction table indicates the number of clock periods needed for the processor to fetch, 
calculate, and perform the special-purpose MOVE operation on control registers or a 
specified EA. Footnotes indicate when to account for the appropriate EA times. The total 
number of clock cycles is outside the parentheses. The numbers inside parentheses 
(r/p/w) are included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 
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Instruction 


Head 


Tail 


Cycles 


EXG Rn, Rm 


2 





4(0/1/0) 


MOVEC Cr, Rn 


10 





14(0/2/0) 


MOVEC Rn, Cr 


12 





14-16(0/1/0) 


MOVE OCR, Dn 


2 





4(0/1/0) 


MOVE CCR, <CEA> 





2 


4(0/1/1) 


MOVE Dn.CCR 


2 





4(0/1/0) 


MOVE <FEA), CCR 








4(0/1/0) 


MOVE SR, Dn 


2 





4(0/1/0) 


MOVE SR, <CEA> 





2 


4(0/1/1) 


MOVE Dn, SR 


4 


-2 


10(0/3/0) 


MOVE <FEA), SR 





-2 


10(0/3/0) 


MOVEM.W (CEA), RL 


1 





8 + n X 4(n+ 1,2,0)* 


MOVEM.W RL,<CEA) 


1 





8 + n X 4(0, 2, n)* 


MOVEM.L <CEA), RL 


1 





12 + n X 4(2n + 2,2,0) 


MOVEM.L RL, <CEA) 


1 


2 


10 + n X 4(0,2,2n) 


MOVEP.W Dn, (die, An) 


2 





10(0/2/2) 


MOVEP.W (di6,An),Dn 


1 


2 


11(2/2/0) 


MOVEP.L Dn, (die, An) 


2 





14(0/2/4) 


MOVEP.L (die, An), Dn 


1 


2 


19(4/2/0) 


MOVES (Save) <CEA), Rn 


1 


1 


3(0/1/0) 


MOVES (Op) (CEA). Rn 


7 


1 


11(X/1/0) 


MOVES (Save) Rn, (CEA) 


1 


1 


3(0/1/0) 


MOVES (Op) Rn, (CEA) 


9 


2 


12(0/1/X) 


MOVE USP,An 








2(0/1/0) 


MOVE An, USP 








2(0/1/0) 


SWAP Dn 


4 





6(0/1/0) 



X = There is one bus cycle for byte and word operands and two bus cycles for long 
operands. For long bus cycles, add two clocks to the tail and to the number of 
cycles. 
* = Each bus cycle may take up to four clocks without increasing total execution time. 
Cr - Control registers USP, VBR, SFC, and DFC 
n - Number of registers to transfer 
RL- Register List 

< - Maximum time (certain data or mode combinations may execute faster). 
NOTES: 

1. The MOVES instruction has an additional save step that other instructions do not have. 
To calculate the total instruction time, calculate the save, the EA, and the operation 
execution times, and combine in the order listed, using the equations given in 5.7.1.6 
Instruction Execution Time Calculation. 

2. Timing is calculated with the CPU32+ irrl 6-bit mode. 
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5.7.3.5 ARITHMETIC/LOGIC INSTRUCTIONS. The arithmetic/logic instruction table 
indicates tlie number of clock periods needed to perform the specified arithmetic/logical 
Instruction using the specified addressing mode. Footnotes Indicate when to account for 
the appropriate EA times. The total number of clock cycles Is outside the parentheses. 
The numbers inside parentheses (r/p/w) are Included In the total clock cycle number. All 
timing data assumes two-clock reads and writes. 



Instruction 


Head 


Tail 


Cycles 


ADD(A) Rn,Rm 








2(0/1/0) 


ADD(A) <FEA), Rn 








2(0/1/0) 


ADD Dn, <FEA) 





3 


5(0/1/x) 


AND Dn, Dm 








2(0/1/0) 


AND <FEA).Dn 








2(0/1/0) 


AND Dn. <FEA) 





3 


5(0/1/x) 


EOR Dn, Dm 








2(0/1/0) 


EOR Dn, <FEA) 





3 


5(0/1 /x) 


OR Dn, Dm 








2(0/1/0) 


OR <FEA>, Dn 








2(0/1/0) 


OR Dn, <FEA) 





3 


5(0/1 /x) 


SUB(A) Rn, Rm 








2(0/1/0) 


SUB(A) <FEA), Rn 








2(0/1/0) 


SUB Dn, <FEA> 





3 


5(0/1/x) 


CMP(A) Rn, Rm 








2(0/1/0) 


CMP(A) <FEA>, Rn 








2(0/1/0) 


CMP2 (Save)* (FEA>, Rn 


1 


1 


3(0/1/0) 


CMP2(0p) <FEA>, Rn 


2 





16-18(X/1/0) 


MUL(su).W <FEA), Dn 








26(0/1/0) 


MUL(su).L (Save)* <FEA), Dn 


1 


1 


3(0/1/0) 


MUL(su).L (Op) <FEA),DI 


2 





46-52(0/1/0) 


MUL(su).L (Op) <FEA), Dn:DI 


2 





46(0/1/0) 


DIVU.W <FEA), Dn 








32(0/1/0) 


DIVS.W <FEA), Dn 








42(0/1/0) 


DIVU.L (Save)* <FEA), Dn 


1 


1 


3(0/1/0) 


DIVU.L (Op) <FEA), Dn 


2 





<46(0/1/0) 


DIVS.L(Save)* <FEA), Dn 


1 


1 


3(0/1/0) 


DIVS.L (Op) <FEA). Dn 


2 





<62(0/1/0) 


TBL(su) Dn:Dm, Dp 


26 





28-30(0/2/0) 


TBL(su) (Save)* (CEA), Dn 


1 


1 


3(0/1/0) 


TBL(su) (Op) <CEA), Dn 


6 





33-35(2X/1/0) 


TBLSN Dn:Dm, Dp 


30 





30-34(0/2/0) 


TBLSN (Save)* (CEA), Dn 


1 


1 


3(0/1/0) 


TBLSN (Op) (CEA), Dn 


6 





35-39(2X/1/0) 


TBLUN Dn:Dm, Dp 


30 





34-40(0/2/0) 


TBLUN (Save)* <CEA), Dn 


1 


1 


3(0/1/0) 


TBLUN (Op) (CEA), Dn 


6 





39-45(2X/1/0) 
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X = There is one bus cycle for byte and word operands and two bus cycles for long 
operands. For long bus cycles, add two clocks to the tail and to the number of 
cycles. 

Timing is calculated with the CPU32-f in 16-bit mode. 

< = Maximum time (certain data or mode combinations may execute faster). 

su = The execution time is identical for signed or unsigned operands. 

* = These instructions have an additional save operation that other instructions do not 
have. To calculate total instruction time, calculate save, (ea), and operation 
execution times, then combine in the order listed, using equations in 5.7.1.6 
Instruction Execution Time Caicuiatlons. A save operation is not run for long- 
word divide and multiply instructions when {FEA) - Dn. 




5.7.3.6 IMMEDIATE ARITHMETIC/LOGIC INSTRUCTIONS. The immediate 
aritiimetic/logic instruction table indicates the number of clock periods needed for the 
processor to fetch the source immediate data value and to perform the specified 
arithmetic/logic instruction using the specified addressing mode. Footnotes Indicate when 
to account for the appropriate fetch effective or fetch immediate EA times. The total 
number of clock cycles is outside the parentheses. The numbers inside parentheses 
(r/p/w) are included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 



instruction 


Head 


Tail 


Cycles 


MOVEQ #,Dn 








2(0/1/0) 


ADDQ #, Rn 








2(0/1/0) 


ADDQ #, <FEA> 





3 


5(0/1/x) 


SUBQ #, Rn 








2(0/1/0) 


SUBQ #, {FEA> 





3 


5(0/1/x) 


ADDI #, Rn 








2(0/1/0)* 


ADDI #,<FEA> 





3 


5(0/1 /x)* 


ANDI #, Rn 








2(0/1/0)* 


ANDI #, (FEA) 





3 


5(0/1 /x)* 


EORI #, Rn 








2(0/1/0)* 


EORI #,<FEA) 





3 


5(0/1 /x)* 


ORI #, Rn 








2(0/1/0)* 


ORI #, (FEA) 





3 


5(0/1 /x)* 


SUBI #, Rn 








2(0/1/0)* 


SUBI #, (FEA) 





3 


5(0/1 /x)* 


CMPI #. Rn 








2(0/1/0)* 


CMPI #,(FEA) 





3 


5(0/1 /X)* 



X = There is one bus cycle for byte and word operands and two bus cycles for long- 
word operands. For long-word bus cycles, add two clocks to the tail and to the 
number of cycles. 



KM :^ .^i^..i.* I ...:« 



uic \./r uo<:-r III lu-uii iiiuuo. 



* = An # fetch EA time must be added for this instruction: (FEA) + (FEA) + (OPER) 
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5.7.3.7 BINARY-CODED DECIMAL AND EXTENDED INSTRUCTIONS. The BCD and 

extended instruction table indicates the number of clocl< periods needed for the processor 
to perform the specified operation using the specified addressing mode. No additional 
tables are needed to calculate total effective execution time for these Instructions. The 
total number of clock cycles is outside the parentheses. The numbers inside parentheses 
(r/p/w) are included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 



Instruction 


Head 


Tail 


Cycles 


ABCD Dn, Dm 


2 





4(0/1/0) 


ABCD -(An), -(Am) 


2 


2 


12(2/1/1) 


SBCD Dn, Dm 


2 





4(0/1/0) 


SBOD -(An), -(Am) 


2 


2 


12(2/1/1) 


ADDX Dn, Dm 








2(0/1/0) 


ADDX -(An), -(Am) 


2 


2 


10(2/1/1) 


SUBX Dn, Dm 








2(0/1/0) 


SUBX -(An), -(Am) 


2 


2 


10(2/1/1) 


CMPM (An)+, (Am)+ 


1 





8(2/1/0) 
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5.7.3.8 SINGLE OPERAND INSTRUCTIONS. The single operand instruction table 
indicates the number of clock periods needed for the processor to perform the specified 
operation using the specified addressing mode. The total number of clock cycles is 
outside the parentheses. The numbers inside parentheses (r/p/w) are included in the total 
clock cycle number. All timing data assumes two-clock reads and writes. 




Instruction 


Head 


Tall 


Cycles 


CLR Dn 








2(0/1/0) 


CLR <CEA) 





2 


4(0/1 /X) 


NEG Dn 








2(0/1/0) 


NEG <FEA) 





3 


5(0/1/X) 


NEGX Dn 








2(0/1/0) 


NEGX <FEA> 





3 


5(0/1/X) 


NOT Dn 








2(0/1/0) 


NOT <FEA) 





3 


5(0/1/X) 


EXT Dn 








2(0/1/0) 


NBCD Dn 


2 





4(0/1/0) 


NBCD <FEA) 





2 


6(0/1/1) 


Sec Dn 


2 





4(0/1/0) 


Sec (CEA> 


2 


2 


6(0/1/1) 


TAS Dn 


4 





6(0/1/0) 


TAS (CEA) 


1 





10(0/1/1) 


TST <FEA) 








2(0/1/0) 



X = There is one bus cycle for byte and word operands and two bus cycles for long-word 
operands. For long-word bus cycles, add two clocks to the tail and to the number of 
cycles. 

Timing is calculated with the CPU32+ in 16-bit mode 
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5.7.3.9 SHIFT/ROTATE INSTRUCTIONS. The shift/rotate instruction table indicates tiie 
number of ciocl< periods needed for tlie processor to perform the specified operation on 
the given addressing mode. Footnotes indicate when to account for the appropriate EA 
times. The number of bits shifted does not affect the execution time, unless noted. The 
total number of clock cycles is outside the parentheses. The numbers inside parentheses 
(r/p/w) are Included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 



Instruction 


Head 


Tall 


Cycles 


Note 


LSd Dn, Dm 


-2 





(0/1/0) 


1 


LSd #, Dm 


4 





6(0/1/0) 


— 


LSd <FEA) 





2 


6(0/1/1) 


— 


ASd Dn, Dm 


-2 





(0/1/0) 


1 


ASd #, Dm 


4 





6(0/1/0) 


— 


ASd <FEA) 





2 


6(0/1/1) 


— 


ROd Dn, Dm 


-2 





(0/1/0) 


1 


ROd #, Dm 


4 





6(0/1/0) 


— 


ROd <FEA> 





2 


6(0/1/1) 


— 


ROXd Dn, Dm 


-2 





(0/1/0) 


2 


ROXd #, Dm 


-2 





(0/1/0) 


3 


ROXd <FEA) 





2 


6(0/1/1) 


— 



d = Direction (left or right) 
NOTES: 

1 . Head and cycle times can be derived from the following table or calculated as follows: 
Max (3 + (n/4) + mod(n,4) + mod (((n/4) + mod (n.4) + 1,2), 6) 

2. Head and cycle times are calculated as follows: (count £ 63): max (3 ■«- n -t- mod (n ■«- 1 ,2), 6). 

3. Head and cycle times are calculated as follows: (count s 8): max (2 + n + mod (n,2), 6). 

4. Timing is calculated with the CPU32+ in 1 6-bit mode. 




Clocks 


Shift Counts 


6 





1 


2 


3 


4 


5 


6 


8 


9 


12 


8 


7 


10 


11 


13 


14 


16 


17 


20 






10 


15 


18 


19 


21 


22 


24 


25 


28 






12 


23 


26 


27 


29 


30 


32 


33 


36 






14 


31 


34 


35 


37 


38 


40 


41 


44 






16 


39 


42 


43 


45 


46 


48 


49 


52 






18 


47 


50 


51 


53 


54 


56 


57 


60 






20 


55 


58 


59 


61 


62 












22 


63 
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5.7.3.10 BIT MANIPULATION INSTRUCTIONS. The bit manipulation instruction table 
indicates the number of clocl< periods needed for the processor to perform the specified 
operation on the given addressing mode. The total number of clock cycles is outside the 
parentheses. The numbers Inside parentheses (r/p/w) are included in the total clock cycle 
number. All timing data assumes two-clock reads and writes. 




Instruction 


Head 


Tall 


Cycles 


BCHG #, Dn 


2 





6(0/2/0)* 


BCHG Dn, Dm 


4 





6(0/1/0) 


BCHG #, <FEA) 


1 


2 


8(0/2/1)* 


BCHG Dn, <FEA) 


2 


2 


8(0/1/1) 


BCLR #, Dn 


2 





6(0/2/0)* 


BCLR Dn, Dm 


4 





6(0/1/0) 


BCLR #, <FEA) 


1 


2 


8(0/2/1)* 


BCLR Dn,<FEA) 


2 


2 


8(0/1/1) 


BSET #, Dn 


2 





6(0/2/0)* 


BSET Dn, Dm 


4 





6(0/1/0) 


BSET #, <FEA) 


1 


2 


8(0/2/1)* 


BSET Dn, <FEA> 


2 


2 


8(0/1/1) 


BTST #, Dn 


2 





4(0/2/0)* 


BTST Dn, Dm 


2 





4(0/1/0) 


BTST #, (FEA) 


1 





4(0/2/0)* 


BTST Dn, (FEA) 


2 





8(0/1/0) 



* - An # fetch EA time must be added for this instruction: (FEA) + (FEA) + (OPER) 
Timing is calculated with the CPU32+ in 16-bit mode. 
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5.7.3.11 CONDITIONAL BRANCH INSTRUCTIONS. The conditional branch Instruction 
timing table indicates the number of clock periods needed for the processor to perform the 
specified branch on the given branch size, with complete execution times given. No 
additional tables are needed to calculate total effective execution time for these 
instructions. The total number of clock cycles is outside the parentheses. The numbers 
Inside parentheses (r/p/w) are Included in the total clock cycle number. All timing data 
assumes two-clock reads and writes. 



Instruction 


Head 


Tall 


Cycles 


Bcc (taken) 


2 


-2 


8(0/2/0) 


Bcc.B (not taken) 


2 





4(0/1/0) 


Bcc.W (not taken) 








4(0/2/0) 


Bcc.L (not taken) 








6(0/3/1) 


DBcc (T, not taken) 


1 


1 


4(0/2/0) 


DBcc (F,-1, not taken) 


2 





6(0/2/0) 


DBcc (F, not -1 , taken) 


6 


-2 


10(0/2/0) 


DBcc (T, not taken) 


4 





6(0/1/0)* 


DBcc (F,-1, not taken) 


6 





8(0/1/0)* 


DBcc (F, not -1 , taken) 


6 





10(0/0/0)* 



* - In loop mode 

Timing is calculated with the CPU32+ in 16-bit mode. 




MOTOROLA 



MC68360 USER'S MANUAL 



5-109 



5.7.3.12 CONTROL INSTRUCTIONS. The control instruction table indicates the number 
of clocl< periods needed for the processor to perform the specified operation on the given 
addressing mode. Footnotes indicate when to account for the appropriate EA times. The 
total number of clocl< cycles is outside the parentheses. The numbers inside parentheses 
(r/p/w) are included in the total clock cycle number. All timing data assumes two-clock 
reads and writes. 




Instruction 


Head 


Tall 


Cycles 


ANDI #, SR 





-2 


12(0/2/0) 


EORI #, SR 





-2 


12(0/2/0) 


ORI #, SR 





-2 


12(0/2/0) 


ANDI #, OCR 


2 





6(0/2/0) 


EORI #, OCR 


2 





6(0/2/0) 


ORI #. COR 


2 





6(0/2/0) 


BSR.B 


3 


-2 


13(0/2/2) 


BSR.W 


3 


-2 


13(0/2/2) 


BSR.L 


1 


-2 


13(0/2/2) 


CHK <FEA>, Dn (no ex) 


2 





8(0/1/0) 


CHK (FEA), Dn (ex) 


2 


-2 


42(2/2/6) 


CHK2 (Save) <FEA), Dn (no ex) 


1 


1 


3(0/1/0) 


CHK2 (Op) (FEA), Dn (no ex) 


2 





18(X/0/0) 


CHK2(Save) <FEA), Dn (ex) 


1 


1 


3(0/1/0) 


CHK2 (Op) <FEA). Dn (ex) 


2 


-2 


52(X + 2/1/6) 


JMP (CEA) 





-2 


6(0/2/0) 


JSR <CEA) 


3 


-2 


13(0/2/2) 


LEA <CEA), An 








2(0/1/0) 


LINK.W An, # 


2 





10(0/2/2) 


LINK.L An. # 








10(0/3/2) 


NOP 








2(0/1/0) 


PEA (CEA) 








8(0/1/2) 


RTD # 


1 


-2 


12(2/2/0) 


RTR 


1 


-2 


14(3/2/0) 


RTS 


1 


-2 


12(2/2/0) 


UNLK An 


1 





9(2/1/0) 



X = There Is one bus cycle for byte and word operands and two bus cycles for long-word 
operands. For long-word bus cycles, add two clocks to the tail and to the number of 
cycles. 

Timing is calculated with the CPU32+ in 16-bit mode. 

NOTE: The CHK2 instruction involves a save step that other instructions do not have. To 
calculate the total instruction time, calculate the save, the EA, and the operation 
execution times; then combine in the order listed using the equations given in 
5.7.1.6 Instruction Execution Time Calculation. 
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5.7.3.13 EXCEPTION-RELATED INSTRUCTIONS AND OPERATIONS. The exception- 
related instructions and operations table indicates tlie number of clock periods needed for 
the processor to perform the specified exception-related actions. No additional tables are 
needed to calculate total effective execution time for these instructions. The total number 
of clock cycles is outside the parentheses. The numbers inside parentheses (r/p/w) are 
included in the total clock cycle number. All timing data assumes two-clock reads and 
writes. 



Instruction 


Head 


Tall 


Cycles 


BKPT (Acknowledged) 








14(1/0/0) 


BKPT (Bus Error) 





-2 


35(3/2/4) 


Breakpoint (Acknowledged) 








10(1/0/0) 


Breakpoint (Bus Error) 





-2 


42(3/2/6) 


Interrupt 





-2 


30(3/2/4)* 


RESET 








518(0/1/0) 


STOP 


2 





12(0/1/0) 


LPSTOP 


3 


-2 


25(0/3/1) 


Divide-by-Zero 





-2 


36(2/2/6) 


Trace 





-2 


36(2/2/6) 


TRAP* 


4 


-2 


29(2/2/4) 


ILLEGAL 





-2 


25(2/2/4) 


A-line 





-2 


25(2/2/4) 


F-line (First word illegal) 





-2 


25(2/2/4) 


F-line (Second word illegal) ea = Rn 


1 


-2 


31(2/3/4) 


F-line (Second word illegal) ea 9« Rn (Save) 


1 


1 


3(0/1/0) 


F-line (Second word illegal) ea * Rn (Op) 


4 


-2 


29(2/2/4) 


Privileged 





-2 


25(2/2/4) 


TRAPcc (trap) 


2 


-2 


38(2/2/6) 


TRAPcc (no trap) 


2 





4(0/1/0) 


TRAPcc.W (trap) 


2 


-2 


38(2/2/6) 


TRAPcc.W (no trap) 








4(0/2/0) 


TRAPcc.L (trap) 





-2 


38(2/2/6) 


TRAPcc.L (no trap) 








6(0/3/0) 


TRAPV (trap) 


2 


-2 


38(2/2/6) 


TRAPV (no trap) 


2 





4(0/1/0) 




* = Minimum interrupt acknowledge cycle time is assumed to be three clocks. 

Timing is calculated with the CPU32+ in 1 6-bit mode. 

NOTE: The F-line (second word illegal) operation involves a save step which other 
\ operations do not have. To calculate the total operation time, calculate the save, the 

calculate EA, and the operation execution times, and combine in the order 
listed, using the equations given in 5.7.1.6 Instruction Execution Time 
Calculation. 
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5.7.3.14 SAVE AND RESTORE OPERATIONS. The save and restore operations table 
indicates tiie number of clocl< periods needed for the processor to perform the specified 
state save or return from exception. Complete execution times and stack length are given. 
No additional tables are needed to calculate total effective execution time for these 
instructions. The total number of clock cycles is outside the parentheses. The numbers 
inside parentheses (r/p/w) are included in the total clock cycle number. All timing data 
assumes two-clock reads and writes. 




Instruction 


Head 


Tall 


Cycles 


BERR on instruction 





-2 


<58(2/2/12) 


BERR on exception 





-2 


48(2/2/12) 


RTE (four-word frame) 




-2 


24(4/2/0) 


RTE (six-word frame) 




-2 


26(4/2/0) 


RTE (BERR on instruction) 




-2 


50(1 2/1 2/Y) 


RTE (BERR on four-word frame) 




-2 


66(10/2/4) 


RTE (BERR on six-word frame) 




-2 


70(12/2/6) 



Y = If a bus error occurred during a write cycle, the cycle is rerun by the RTE. 

< = Maximum time is indicated (certain data or mode combinations execute faster). 

Timing is calculated with the CPU32+ in 16-bit mode. 
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SECTIONS 

SYSTEM INTEGRATION MODULE (SIM60) 

The QUICC's system integration module (SiM60) consists of a number of functions that 
control system startup, system initialization, the external system bus, and the external 
system peripherals. The SIM60 functions include the following: 

• Module Base Address Register (MBAR) 

• System Configuration and Protection 

• New Low-Power Standby Modes with Slow-Go Option 

• Clock Syntiiesizer with Skew Elimination 

• Breakpoint Logic 

• Slave Mode Including MC68040 Companion Mode 

• External Bus Interface (EBI) Control 

• Memory Controller Supports Eight Banks of DRAM, SRAM, EPROM, or Peripherals 

• Dynamic Bus Sizing 

" External Master Support 

• Bus Arbitration 

• IEEE 1149.1 Test Access Port 

6.1 MODULE OVERVIEW 

The SIM60 on the QUICC device is an enhanced version of the SIM40 that is 
implemented on another M68300 family device called the MC68340. The italicized items 
show the main areas of enhancement. To a large extent, the other features are still 
compatible with the older SIM40. 

The MBAR provides the base address for all accesses to the SIM60 and every other on- 
chip resource. 

The system configuration and protection function controls the overall system configuration 
and provides various monitors and timers, including the internal bus monitor, double bus 
fault monitor, spurious Interrupt monitor, software watchdog timer, periodic interrupt timer, 
low-power stop support, and freeze support. 

The clock synthesizer generates the clock signals used by the SIM60 as well as other 
modules and external devices. This circuitry can generate the system clock from an 
inexpensive 32.768-khz watch crystal. 
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The SIM60 has additional support of low-power modes. The clock synthesizer provides 
system clocks to the SIM60 and other modules. This clock scheme supports low-power 
modes f6r applications that use the baud rate generators and/or serial ports during the 
standby mode. The main system clock can be changed dynamically (the slow-go option) 
while the baud rate generators and serial ports work with a fixed frequency. 

The breakpoint logic provides an internal breakpoint address register that allows hardware 
breakpoints in a QUICC system. This function is especially useful during In-field 
debugging activity when it is difficult to connect an in-circuit emulator or logic analyzer to 
the target board. 

The QUICC supports the slave mode. In this mode, the CPU32+ core on the QUICC is 
disabled, and the QUICC functions as an intelligent peripheral. For instance, if the 
application requires more serial channels than the QUICC provides, multiple QUICCs may 
be configured onto the same system bus, one with its CPU enabled and the rest in slave 
mode. Altematively, If the application needs additional CPU perfomiance, the QUICC may 
function as a companion chip to an MC68EC040 (or other M68040 family member). This 
is called MC68040 companion mode. In this mode, the QUICCs glueless interface to the 
MC68EC040 provides a two-chip MC68EC040 system solution. The MC68EC040 can 
also control multiple QUICCs in slave mode. Finally, the QUICC slave mode may also 
support an extemal MC68EC030 or other M68030 family member. 

The EBI handles the transfer of Information between the internal CPU32+ core and 
memory, peripherals, or other processing elements in the external address space, or 
between an external master and the QUICC RAIVI and registers. Section 4 Bus 
Operation describes the bus operation, but the configuration control of the EBI is 
contained in this section. 

The following functions are physically part of the Sll\/I60, but are described in other places 
in this manual. 

The memory controller module provides glueless interfaces to many types of memory and 
peripherals. It contains up to 8 general-purpose chip selects with up to 15 wait states each 
and a full DRAM controller that controls up to 8 DRAM banks. See 6.10 Memory 
Controller for further infomfiation. 

The QUICC dynamically interprets the bus port size of an addressed dev ice durin g each 
bus cycle, allowing operand transfers to/from 8-, 16-, and 32-bit ports. The DSACK signals 
are used to signify the data port size. Dynamic bus sizing can result in reduced system 
cost. For instance, an 8-bit boot EPROM may be used with 16-bit peripherals and 32-bit 
DRAM. Dynamic bus sizing also allows a programmer to write code that is not bus-width 
specific. For a discussion on dynamic bus sizing see Section 4 Bus Operation. 

The QUICC is designed to allow external bus masters the opportunity to access the 
intermodule bus (1MB). This design has two main purposes. First, the RAM and 
peripherals on the QUICC can be directly accessed, if desired, by an external master. 
Second, the external master can use QUICC resources, such as the chip-select 
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generation logic and DRA[\1 controller. See Section 4 Bus Operation for further 
discussion. 

The QUICC also provides the ability to request and obtain mastership of the system bus. 
This logic is only reset during a power-on reset and is active at ail other times. See 
Section 4 Bus Operation for further discussion. 

The QUICC includes dedicated user-accessible test logic that is fully compliant with the 
IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. This standard 
was developed under the sponsorship of the IEEE Test Technology Committee and Joint 
Test Action Group (JTAG). The QUICC Implementation supports circuit-board test 
strategies based on this standard. Refer to Section 8 IEEE 1149.1 Test Access Port for 
additional information. 

The following paragraphs describe the operation of the MBAR, system configuration and 
protection, clock synthesizer, breakpoint logic, slave mode, and EBI control. 

6.2 MODULE BASE ADDRESS REGISTER (I\/1BAR) 

The MBAR controls the location of all module registers (see 6.9.1 Moduie Base Address 
Register (i\/IBAR)). The address stored in this register is the base address (starting 
location) for the intemal module registers. All internal module registers and RAM occupy a 
single 8-Kbyte memory block (see Figure 6-1) that is relocatable along 8-Kbyte 
boundaries. The location of the internal registers is fixed by writing the desired base 
address of the 8-Kbyte block to the MBAR using the MOVES instruction to address 
$0003FF00 in CPU space. The source function code (SFC) and destination function code 
(DFC) registers contain the address space values (FC2-FC0) for the read or write 
operand of the MOVES instruction (see Section 5 CPU32+ or M68000PM/AD, 
Programmer's Reference Manual). Therefore, the SFC or DFC register must indicate CPU 
space (FC2-FC0 = $7), using the MOVEC instruction, before accessing the MBAR. 
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Figure 6-1. QUICC Memory Map 



6.3 SYSTEM CONFIGURATION AND PROTECTION 

The SIM60 allows the user to control certain features of system configuration by writing 
bits In the module configuration register (MCR). 

All M68000 family members are designed to provide maximum system safeguards. As an 
extension of the family, the QUICC promotes the same basic concepts of safeguarded 
design present in all M68000 members. In addition, many functions that normally must be 
provided in external circuits are incorporated in this device. The following features are 
provided in the system configuration and protection sub-module: 

SIM60 Configuration 
The SIM60 allows the user to configure the system according to the particular 
requirements. The functions include control of slave mode (disable CPU32+) operation, 
freeze and show cycle operation, the access privilege of the supervisor/user registers, 
the level of interrupt nrbitration, sndi autcmatic autcvsctcring for externa! IntGrrupts. 
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Reset Status 

The reset status register provides the user with Information on the cause of the most 
recent reset. The possible causes include external, power-up, software watchdog, 
double bus fault, loss of clock, and the RESET instruction. 

Bus Monitor 



The SIM60 provides a bus monitor to monitor the data and size acknowledge (DSACK) 
response time for all bus accesses (internal-to-internal, Intemal-to-extemal, extemal-to- 
Intemal, and external-to-external). Four selectable response times allow for variations in 
response spe ed of me mory and peripherals used in the system. A bus error signal Is 
asserted if the DSACK response limit is exceeded. This function can be disabled. 

NOTE 

On the MC68302, this function is called the hardware watchdog. 

Double Bus Fault Monitor 



The double bus fault monitor causes a reset to occur If the internal l-IALT signal Is 
asserted by the CPU32+, indicating a double bus fault. A double bus fault results when 
a bus or address error occurs during the exception processing sequence for a previous 
bus or address error, a reset, or while the CPU32+ is loading Information from a bus 
error stack frame during an RTE instruction. This function can be disabled. See Section 
4 Bus Operation for more Infomnation. 

Spurious Interrupt Monitor 

If no interrupt arbitration occurs during an interrupt acknowledge cycle, the bus error 
signal is asserted internally. 

Software Watchdog Timer (SWT) 

The SWT asserts a reset or level 7 interrupt (as selected by the system protection 
control register (SYPCR)) if the software fails to service the SWT for a designated 
period of time (i.e., because the software is trapped in a loop or lost). There are eight 
selectable timeout periods. After a system reset, this function is enabled, selects a 
timeout of approximately 1 sec, and asserts a system reset If the timeout is reached. 
The SWT may be disabled, or its timeout period may be changed in the SYPCR; 
however, once SYPCR Is written, it cannot be written again until a system reset. This 
mechanism Is used to ensure the proper operation of the SWT. 

Periodic Interrupt Timer (PIT) 

The SIM60 provides a timer to generate periodic interrupts for use with a real-time 
operating system or the application software. The PIT period can vary from 122 ms to 
15.94 s (assuming a 32.768-kHz crystal Is used to generate the general system clock). 
This function can be disabled. 
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Freeze Support 

The SIM60 allows control of whether the SWT and PIT should continue to run during 
freeze mode. 

Low-Power Stop Support 

When executing the LPSTOP Instruction, the QUICC can provide reduced power 
consumption with only the SIM60 remaining active. 

Low-Power Standby Support 
In addition to the low-power stop support, the QUICC can provide low power 
consumption while other modules or sub-modules are functioning. In this mode, the 
baud rate generators and serial ports run with a fixed frequency while the rest of the 
chip (including the SIM60) runs with a divided clock. 




Figure 6-2 shows a block diagram of the system configuration and protection logic. 
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Figure 6-2. System Configuration and Protection Logic 
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6.3.1 System Configuration 

Many aspects of the system configuration are controlled by the MCR. 

For debug purposes, accesses to internal peripherals can be shown on the external bus. 
This function is called show cycles. The SHEN1, SHENO bits in the MCR control the show 
cycles. External bus arbitration can be either enabled or disabled during show cycles. 

The SIM60 provides eight bus arbitration levels for detemriining the priority of bus access 
(0-7). The SIM60 is fixed at the highest level (level 7). The CPU32+ is fixed at the lowest 
level (level 0). Only the SIM60, the CPU32+, the two-channel Independent direct memory 
access (IDMA), and the serial direct memory access (SOMA) can be bus masters and 
arbitrate for the bus. (The IDMA and SOMA have the ability to configure their bus 
arbitration level as described in Section 7 Communication Processor Module (CPM). 

6.3.1.1 SIM60 INTERRUPT GENERATION. An oven^iew of the QUICC interrupt structure 
is shown in Figure 6-3. The lower half of the figure shows the SIM60. The SIM60 receives 
interrupts from internal sources, such as the SWT and PIT, and external sources, such as 
the IRQ7-IRQ1 lines. 

If it g enerates an interrupt, the SWT always uses level 7; the PI T may use any level. The 
IRQx pins choose the interrupt level associated with the pin (i.e., IRQ1 generates a level 1 
Interrupt, etc.). In addition, the CPM block may choose any level (1-7) for its interrupts. 

The 1MB architecture allows multiple interrupt sources to safely exist at the same level, a 
process called interrupt arbitration. Once an interrupt acknowledge cycle occurs at the 
interrupt level that matches a pending interrupt request, interrupt arbitration begins on the 
1MB. The interrupt arbitration process is designed to choose between multiple requests at 
the same level. For Instance, if the PIT request is at level 4 but the CPM simultaneously is 
requesting an interrupt at level 4, an interrupt arbitration process is required to decide who 
wins the interrupt. (The interrupt arbitration process does not affect users who assign all 
interrupt sources in the system to a unique interrupt level (1-7)). 

In the interrupt arbitration process, the module places its arbitration ID on the 1MB. The 
arbitration ID ranges in value from to 15. The SIM60 interrupt controller arbitration ID is 
initialized to 15 (the highest value), but may be lowered if desired. The higher arbitration 
value always wins. 

NOTES 

At system reset, the SIM60 has a higher priority (at the same 
interrupt level) than the CPM. This priority can be changed if 
the SIM60 value is written to be less than 8, the level of the 
CPM. 

No two modules are allowed to have the same interrupt 
arbitration value. 
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Figure 6-3. QUICC Interrupt Structure 
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Assuming that the PIT wins the arbitration process, the SIIVI60 plac es the PIT 8-bit vector 
on the bus. The SWT also has a user-defined interrupt vector. The IRQx lines only allow 
autovectors. 

Arbitration for servicing interrupts is controlled by the value programmed into the interrupt 
arbitration (lARB) field of the MCR. Because no two modules are allowed to share the 
same lARB value and the only other module that generates interrupts (the CPM) has a 
fixed lARB value (lARB = 8), the SIM60 lARB value should be programmed to a value 
between 1 and 7 or between 9 and 15. 

The autovector register (AVR) contains bits that correspond to external Interrupt levels 
that require an autovector response. The SIM60 supports up to seven discrete external 
interrupt requests. If the bit corresponding to an interrupt level is set in the AVR, the 
SIM60 returns an internal autovector in response to the interrupt acknowledge cycle 
servicing that external interrupt request. OthenA /ise, ex ternal circuitry must either return an 
interrupt vector or extemally assert the external AVEC signal. 

See 6.8.4 Interrupts in Slave Mode for more information. 

6.3.1.2 SIMULTANEOUS SIM60 INTERRUPT SOURCES. If the possible level 7 interrupt 
sources in the SIM60 are simultaneously asserted, the SIM60 will prioritize and service 
the Interrupts In the following order: 1) SWT, 2) PIT, and 3) external interrupts. At level 6 
or less, the PIT is higher than an external interrupt request asserted at the same level as 
the PIT. 

6.3.1.2.1 Bus Monitor. The bus monitor ensures that each bus cycle is terminated within 
a reasonable period of time. It continually checks the durati on of the internal/external AS 
line. AS is normally negated by DSACKx, BE RR, or HALT (or AVEC during an interrupt 
acknowledge cycle). The bus monitor asserts BERR if the response time is excessive on 
any bus cycle Including interrupt acknowledge cycles. The BME bit in the SYPCR enables 
the bus monitor. 

The bus cycle temnination response time is measured in clock cycles, and the maximum- 
allowable response time is programmable. The bus monitor response time period ranges 
from 128 to 1K system clocks (see Table 6-5). The value chosen by the user should be 
larger than the longest possible response time of the slowest peripheral in the system. 

6.3.1.2.2 Spurious Interrupt Monitor. In normal interrupt handling, one or more internal 
sub-modules recognize the CPU32+ interrupt acknowledge cycle as a signal that the 
CPU32+ is responding to their interrupt reque sts. Th e sub-modules then arbitrate for the 
privilege of returning a vector or asserting AVEC to th e CPU 32+. (The SIM60 also 
performs internal interrupt arbitration on behalf of any IRQx pins that are asserted 
externally.) If, however, no internal sub-module participates In the inter nal int errupt 
arbitration process, the spurious Interrupt monitor takes action by Issuing the BERR signal 
internally. This causes the CPU32+ to terminate the cycle with a spurious interrupt vector. 
This feature cannot be disabled. 



MOTOROLA MC68360 USER'S MANUAL 6-9 





6.3.1.2.3 Double Bus Fault Monitor. A double bus fault is caused by a bus error or 
address error during tiie e xceptio n processing sequence. The double bus fault monitor 
responds to an assertion of l-iALT on the internal bus by initiating a system reset. Refer to 
Section 4 Bus Operation for more information. The DBF bit in the reset status register 
indicates that the last reset was caused by the double bus fault monitor. The double bus 
fault monitor reset can be enabled by the DBFE bit in the SYPCR. 

6.3.1.2.4 Software Watchdog Timer (SWT). The SIM60 provides the SWT option to 
prevent system lockup in case the software becomes trapped in loops with no controlled 
exit. The SWT is enabled after system reset to cause a system reset if it times out. If SWT 
is not desired, the user must clear the SWE bit in the SYPCR to disable it. if used, the 
SWT requires a special service sequence to be executed on a periodic basis, if this 
periodic sen/icing action does not occur, the SWT times out and issues a reset or a level 7 
interrupt (as programmed by the SWRI bit in the SYPCR). Once the SYPCR Is written by 
software, the state of the SWT (enabled or disabled) cannot be changed. The address of 
the interrupt service routine for the SWT interrupt is stored In the software interrupt vector 
register (SWIV). Figure 6-4 shows a blocl< diagram of the SWT as well as the clock control 
circuits for the PIT. 

The SWT clock rate is detennined by the SWP bit in the periodic interrupt timer register 
(PITR) and the SWT bits in the SYPCR. When l\/IODCK1 is low (an external oscillator is 
used), the 512 (2^) prescaler is enabled, and the SWP and PTP bits in the PITR are set. 
See Table 6-4 for a list of SWT timeout periods. 

The SWT sen/ice sequence consists of the following two steps: write $55 to the software 
service register (SWSR) and write $AA to the SWSR. Both writes must occur in the order 
listed prior to the SWT timeout, but any number of instructions or accesses to the SWSR 
can be executed between the two writes. This allows interrupts and exceptions to occur, if 
necessary, between the two writes. 
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Figure 6-4. SWT and PIT Block Diagram 
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6.3.2 Periodic Interrupt Timer (PIT) 

The PIT consists of an 8-bit modulus counter that is loaded with the value contained in the 
PITR (see Figure 6-4). The modulus counter is clocked by the SPCLK signal derived from 
the EXTAL pin (either EXTAL or EXTAL divided by 128 as detennined by the M0DCK1- 
MODCKO pins). When M0DCK1 is low (an external oscillator is used), the 512 (2^) 
prescaler is enabled, and the SWP and PTP bits in the PITR are set. 

The clock source is divided by 4 before driving the modulus counter (PITCLK). When the 
modulus counter value reaches zero, an interrupt is generated. The level of the generated 
interrupt is programmed into the PIRQL bits in the periodic interrupt control register 
(PICR). During the interrupt acknowledge cycle, the SIM60 places the periodic interrupt 
vector, programmed into the PIV bits In the PICR, onto the bus. The value of bits 7-0 in 
the PITR is then loaded again into the modulus counter, and the counting process starts 
over. If a new value is written to the PITR, this value is loaded into the modulus counter 
when the current count is complete. 

6.3.2.1 PIT PERIOD CALCULATION. The period of the PIT can be calculated using the 
following equation: 

PITR count value 
PIT period = fpS^lwiSim)/ prescaler value 




Solving the equation using a crystal frequency of 32.768-kHz with the prescaler disabled 
gives: 

PITR count value 



PIT period = 


32768/1 


PIT period = . 


22 
PITR count value 




8192 



This gives a range from 122 (as, with a PITR value of $01 (00000001 binary), to 31.128 
ms, with a PITR value of $FF (11111111 binary). 

Solving the equation with the prescaler enabled (PTP = 1) gives the following values: 

PITR count value 
PIT period = 32768/512 

22 

PIT period = PITR count value 

16 
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This gives a range from 62.5 ms, with a PITR value of $01 , to 15.94 s, with a PITR value 
of$FF. 

For a fast calculation of PIT period using a 32.768-kHz crystal, the following equations can 
be used: 

With prescaler disabled: 
With prescaler enabled: 



PIT period = PITR (122 us) 




PIT period = PITR (62.5 ms) 

6.3.2.2 USING THE PIT AS A REAL-TIME CLOCK. The PIT can be used as a real-time 
clock interrupt by setting it up to generate an interrupt with a 1-sec period. When using a 
32.768-kHz (or 4.192-MHz) crystal, the PITR should be loaded with a value of 16 decimal 
($10) with the prescaler enabled to generate interrupts at a 1-sec rate. 

6.3.3 Freeze Support 

FREEZE is asserted by the CPU32+ if a breakpoint is encountered with background mode 
enabled. Refer to Section 5 CPU32+ for more information on the background mode. 
When FREEZE is asserted, the double bus fault monitor and spurious Interrupt monitor 
continue to operate normally. However, the SWT, the bus monitor, and the PIT may be 
affected. Setting the FRZ1 bit in the MCR disables the SWT and the PIT when FREEZE is 
asserted. Setting the FRZO bit in the MCR disables the bus monitor when FREEZE is 
asserted. 

If the CONFIG pins are configured with the CPU32+ core enabled, then one clock after 
reset is complete, the C0NFIG2 pin will become the FREEZE output. Thus, the pin will 
start driving low one clock after reset. It will then be asserted (high) if the freeze condition 
occurs. The user must use a puiiup resistor when configuring C0NFIG2 to the high state 
during reset. If the CONFIG pins configure the QUICC to slave mode, then the FREEZE 
output is not available. 

6.3.4 Low-Power Stop Support 

Executing the LPSTOP instruction provides reduced power consumption when the QUICC 
is idle, with only the SIM remaining active. Operation of the SIM60 is controlled by the 
PLLCR. LPSTOP disables the clock to the SWT in the low state. The SWT, which remains 
stopped until the LPSTOP mode is ended, begins to run again on the next rising clock 
edge. 

NOTE 

When the CPU32+ executes the STOP Instruction (as opposed 
to LPSTOP), the SWT continues to run. If the SWT is enabled, 
it issues a reset or interrupt when its timeout occurs. 
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The PIT does not respond to an LPSTOP instruction; thus, it can be used to exit LPSTOP 
as long as the interrupt request level is higher than the CPU32+ Interrupt mask level. To 
stop the PIT while in LPSTOP, the PITR must be loaded with a zero value before LPSTOP 
is executed. The bus monitor, double bus fault monitor, and spurious interrupt monitor are 
all inactive during LPSTOP. 

If an external device requires ad ditiona l time to prepare for entry into LPSTOP mode, 
entry can be delayed by asserting HALT (see 4.4.2 LPSTOP Broadcast Cycle). 

NOTE 

The IDMA channels should be disabled prior to issuing the 
LPSTOP instruction. 

6.4 LOW POWER IN NORMAL OPERATION 

In addition to the LPSTOP mode, the SIM60 supports methods to minimize power 
consumption In normal operation. In normal operation, the QUICC provides several 
options to reduce power consumption: 

• The sub-block clock generators are automatically disabled when the sub-block is not 
active. For example, when the RISC controller is idle (no pending request is present 
from the serial channels), its clock generator is automatically stopped. 

• In most of the 1MB sub-modules, there is a bit (e.g., STOP or RESET), that can 
disable the clock generator in that module (except for its 1MB interface unit). 

The SIM60 also supports methods to reduce power by dividing the clocks internally. This 
is called slow-go mode and is described in 6.5 SIM60 System Clock Generation. 

6.5 SIM60 SYSTEM CLOCK GENERATION 

The QUICC has an on-chip oscillator, a clock synthesizer, and a low-power divider, which 
allow a comprehensive set of choices in generating system clocks (see Figure 6-5). The 
choices offer many opportunities to save power and system cost, without sacrificing 
flexibility and control. 

The operation of the clocks is determined by three registers: the clock out control register 
(CLKOCR), the phase-locked loop control register (PLLCR), and the clock divider control 
register (CDVCR). Each register has a protection mechanism to prevent accidental 
writing. 

The clock generation features are discussed in the following paragraphs. 




MOTOROLA MC68360 USER'S MANUAL 6-13 



MODCK1-MODCK0 



EXTAL 



EXTAL 

XTAL-*- 



OSC. 



MULTIPUCATION FACTOR (MF11-MF0) DIVIDE VALUES IN CDVCR 

-^ — vco ■ 

0UT(2x) 



DIVIDE 
BY 128 



EXTAL 



MUX 



CLWN 



EXrAL/128 



MUX -I 



MODCK1-MODCK0 



PU. 



(NORMALLY 
50 MHz) 



LOW-POWER 
DIVIDERS 



77] MUX 

~r 

STSIMBIT 



•SyncCLK 
'BRGCLK 

CLK02PIN 
(NORMALLY SO MH^ 

-GENERAL SYSTEM 

aocK 

(NORMALLY 25 MHz) 



-^►CLKOIPIN 



-SIMCLK 
(NORMALLY 25 MHz) 



SOFTWARE WATCHDOG AND PIT aOCK (SPCUQ 




CUdN- 



PHASE 
DETECTOR 



LOOP 
FILTER 



VCO 



MULTIPUCATION 
FACTOR 
1 TO 4096 



PLL 



MF11-MF0 



VCO OUT 
(TWICE THE 
SYSTEM 
FREQUENCY) 



Figure 6-5. System Clocks Schematic 

6.5.1 On-Chip Oscillator 

A 32.768-kHz watch crystal provides an inexpensive reference, but the reference crystal 
frequency can be any frequency from 25 kHz to 6.0 MHz. Additionally, the system clock 
frequency can be driven directly onto the EXTAL pin. In this case, the EXTAL frequency 
should be the exact system frequency desired (0 to 25 MHz), and the XTAL pin should be 
left floating. Figure 6-6 shows all the external connections required for the on-chip 
oscillator as well as the other clock-related Vcc and GND connections. 
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Figure 6-6. External Components 




6.5.2 Oscillator Prescaler (Divide by 128) 

In some applications, the use of a ~ 32-kHz crystal is attractive because of cost and low 
power, but is not attractive due to the extra startup time required for such a slow frequency 
crystal. Therefore, the SIM60 has an option for the user to provide a higher frequency 
crystal (for Instance, In the ~ 4-MHz range) and divide It by 128 (back down to the 32-kHz 
range) before it is used by the QUICC. This results in much faster startup time than a 32- 
kHz crystal, plus low cost (If a common 4.192-MHz frequency Is chosen), with only a small 
impact on power consumption during low-power modes (since the ~4-MHz frequency is 
Immediately divided prior to being used by any QUICC on-chip module). Furthermore, the 
divide-by-128 function allows the value of the final system frequency to be chosen with 
much greater precision, since it is a multiple of -32 kHz rather than a multiple of ~4 MHz. 

The choice of whether to use the divide-by-128 function is made with the M0DCK1- 
MODCKO pins. This resulting frequency Is called CLKIN. 

6.5.3 Phase-Loclced Loop (PLL) 

The PLL takes the CLKIN frequency and outputs a high-frequency source used to derive 
the general system frequency of the QUICC. The PLL is comprised of a phase detector, 
loop filter, voltage-controlled oscillator (VCO), and multiplication block. The VCO output 
can be as high as 50 MHz for a 25-MHz QUICC. 

The PLL's main functions are frequency multiplication and skew elimination. 



MOTOROLA 



MC68360 USER'S MANUAL 



6-15 




6.5.3.1 FREQUENCY MULTIPLICATION. The PLL can multiply the CLKIN Input 
frequency by any integer between 1 and 4096. The output of the VCO Is twice the QUICC 
system frequency after reset. 

If a low frequency crystal is chosen (e.g., ~32 kHz), the multipler defaults to 401, giving a 
2x VCO output of -26 MHz and an Initial general system clock of -13 MHz. The 
multiplication factor may then be changed to the desired value by writing the MF1 1-MFO 
bits in the PLLCR. When the PLL multiplier Is modified in software, the PLL will lose lock, 
and the clocking to the QUICC will stop until lock is regained (worst case is 2500 clocks; 
typical case Is 500 clocks). See 6.5.4 Low-Power Divider for methods of reducing clock 
rates without losing lock. 

If the actual system clock Is placed on the EXTAL pin (rather than an extemal crystal), the 
multiplier defaults to 2, giving a 2x VCO output of 2x the EXTAL frequency. The multiplier 
bits should not be modified by the user in this case. See 6.5.4 Low-Power Divider for 
methods of reducing clock rates. 

NOTE 

If the PLL is used, the resulting 2x VCO output should be a 
minimum of 20 MHz, meaning that the minimum QUICC 
system frequency should be 10 MHz (I.e., EXTAL x (MF + 1) 
>= 10 MHz.) Use the clock divider control register (CDVCR) to 
divide the system clock by more than 1 If fully functional 
operation at less than 1 MHz is desired. 

6.5.3.2 SKEW ELIMINATION. The PLL Is capable of eliminating the skew between the 
external clock entering the chip (EXTAL) and the internal clock phases. The PLL also 
eliminates the skew between EXTAL and the CLK02-CLK01 pins, providing advantages 
in generating low-skew clocking outputs. 

The skew Is less than 2 ns. Without the PLL enabled, the clock skew could be much 
larger. This significant reduction of the clock skew is useful for synchronous clocking of 
multiple system components. For instance, a 25-MHz QUICC may generate clocks for the 
MC68040— both the 25-MHz BCLK and the 50-MHz PCLK may be generated from a 
single 25-MHz system clock Input to the QUICC. 

6.5.4 Low-Power Divider 

The output of the PLL Is sent to a low-power divider block. This block generates all other 
clocks In normal operation, but has the ability to divide the output frequency of the VCO 
before It generates the SyncCLK, BRGCLK, and general system clock to the rest of the 
QUICC. 

The purpose of the low-power divider block Is to allow the user to reduce and restore the 
operating frequencies of different sections of the QUICC without losing the PLL lock. 
Using the low-power divider block, the user can still obtain full chip operation, but at a 
slower frequency. This configuration is called slow-go mode. The selection and speed of 
the slow-go mode may be changed at any time, with changes occurring immediately. 
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The low-power divider bIocl< is controlled in the CDVCR. The default state of the low- 
power divider is to divide all clocks by 1 . Thus, for a 25-MHz system, the SyncCLK, 
BRGCLK, and general system clock are each 25 MHz. 

If the low-power divider block is not used and the user is concerned that errant software 
could accidentally write the CDVCR, the user may set a write protection bit in CDVCR to 
prevent further writes to the register. 

6.5.5 QUICC Internal Clock Signals 

The internal logic of the QUICC uses five internal clock lines: general system clock, 
BRGCLK, SyncCLK, SIMCLK, and SPCLK. The QUICC also generates two external clock 
lines (CLK01 and CLK02). The PLL synchronizes these clock signals to each other. 
These clock signals are discussed in the following paragraphs. 

6.5.5.1 SPCLK. SPCLK is supplied to the PIT and SWT sub-modules in the SIM60. 
SPCLK is always the EXTAL frequency or EXTAL/128, depending on the configuration of 
the divide-by-128 prescaler. 

6.5.5.2 GENERAL SYSTEM CLOCK. This basic clock is supplied to all other modules 
and sub-modules on the QUICC, including the CPU32+, the RISC controller, and most 
other features in the communication processor module (CPM). The general system clock 
also supplies the SIMCLK to the SIM60 in normal device operation. The general system 
clock is the same as the CLK01 frequency, and the CLK02 signal is 2x the general 
system clock in normal device operation. The general system clock defaults to VCO/2 = 
25 MHz (assuming a 25-MHz system frequency). 

The frequency of the general system clock can be changed dynamically with the CDVCR, 
as shown in Figure 6-7. This configuration is called slow-go mode. 



VCOy2(25MHz) DFNH = 





DFNH DIVIDER | Q V>k_^ GENERAL SYSTEM 

DFNHoOO 



DFNL DIVIDER 



3' 



LOW POWER 



NOTES: 

1. NORMAL = (CS RC = 0)OR (INTEN2-INTEN0 < INTERRUPT) OR (RRQEN & RISC NOT IDLE) 

2. LOW POWER = NORMAL 

Figure 6-7. General System Clock Select 

The general system clock can be operated at three frequencies. Normal operation is the 
highest frequency (25 MHz in a 25-MHz system). The general system clock can also be 
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operated at a low frequency and a high frequency. The definition of low is made in the 
DFNL value in CDVCR; the definition of high is made in the DFNH value in CDVCR. 

The frequency of the general system clocl< can be changed dynamically by software. The 
user may simply cause the general system clock to switch to its low frequency. However, 
in some applications, there is a need for high frequency during certain periods. An 
example is in interrupt routines, etc., that need more performance than the low frequency 
operation, but must consume less power than in normal operation. The SIM60 allows a 
method to automatically switch between low and high frequency operation. 

The general system clock can switch automatically from low to high frequency whenever 
one of the following conditions exists: 

• The level of the pending or current interrupt is higher than the INTEN bits in CDVCR. 

• The CPM RISC controller has a pending request or is currently executing a routine 
(i.e., it is not idle). This option is maskable by the RRQEN bit In CDVCR. 

When neither of these conditions exists, the general system clock automatically switches 
back to the low frequency. 

When the general system clock is divided, its duty cycle is changed. One phase remains 
the same (e.g., 20 ns @ 25 MHZ); the other becomes longer. Note that the CLK01 and 
CLK02 pins no longer have a 50% duty cycle when the general system clock is divided 
(see Figure 6-8). 



DIVIDE BY 1 

DIVIDE BY2 n n n n n 



DIVIDE BY 4 ^1 I I I I [ 



Figure 6-8. Divided Cloclcs 

6.5.5.3 BRGCLK. The BRGCLK is used by the five CPM baud rate generators. There are 
four SCC/SCM baud rate generators and one SPI baud rate generator. BRGCLK defaults 
to VCO/2 = 25 MHz (assuming a 25-MHz system frequency). The purpose of BRGCLK is 
to allow the five baud rate generators to continue to operate at a fixed frequency, even 
when the rest of the QUICC is operating at a reduced frequency (i.e., the general system 
clock is divided). See 7.9 Baud Rate Generators (BRGs) for more information on how to 
save power using the BRGCLK. 

NOTES 

During early board prototyping, the user should leave BRGCLK 
at its standard frequency (e.g., 25 MHz) for the sake of 
simplicity. 
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Within the four SCC/SIVIC baud rate generators, the user 
should not use a baud rate generator divider equal to 1 , unless 
the BRGCLK is at the maximum frequency. 

6.5.5.4 SyncCLK. The SyncCLK is used by the serial synchronization circuitry in the serial 
ports of the CPM, Including the SI, SCCs, and SMCs. The SyncCLK performs the function 
of synchronizing externally generated clocks before they are used Internally. SyncCLK 
defaults to VCO/2 = 25 MHz (assuming a 25-MHz system frequency). 

The purpose of SyncCLK is to allow the SI, SCCs, and SMCs to continue to operate at a 
fixed frequency, even when the rest of the QUICC is operating at a reduced frequency. 
Thus, SyncCLK allows the user to maintain the serial synchronization circuitry at the 
desired rate, while lowering the general system clock to the lowest possible rate. 
However, the SyncCLK frequency must always be at least as high as the general system 
clock frequency. 

The SyncCLK must always be at least 2x the desired serial clock rate, and at least 2.5x 
the desired serial clock rate If the time slot assignor (TSA) in the SI is used. See 7.8 Serial 
Interface with Time Slot Assigner for more Information on how to select an appropriate 
frequency for the SyncCLK. 

NOTE 

Since SyncCLK does not clock very much logic on the QUICC, 
SyncCLK Is normally left at its full frequency (25 MHz). 
However, to temporarily lower the value of SyncCLK during an 
application to save more power, SyncCLK must remain at Its 
highest frequency (e.g., 25 MHz) until the general system clock 
is reduced. Only then can SyncCLK be lowered, and it must 
never be lowered to a frequency less than the general system 
clock frequency. 

6.5.5.5 SIMCLK. SIMCLK Is supplied to the SIM60 module. SIMCLK defaults to VCO/2 = 
25 MHz (assuming a 25-MHz system frequency). The SIMCLK is the same as the general 
system clock when slow-go mode is programmed in the CDVCR, but can operate 
differently from the general system clock when the LPSTOP Instruction Is executed. The 
SIMCLK is controlled In the PLLCR. 

During the LPSTOP Instruction, the PLL can be left enabled or can be disabled to 
conserve power. This option Is determined by the STSIM bit in PLLCR. If the PLL is 
disabled, the SIMCLK Is either the EXTAL/2 or the EXTAL/128/2 frequency, depending on 
the divide-by-128 option. 

NOTE 

The SIMCLK is always the same frequency as CLK01 . 

6.5.5.6 CLK01. CLK01 Is the same as the general system clock frequency. CLK01 
defaults to VCO/2 = 25 MHz (assuming a 25-MHz system frequency). CLK01 can drive 
full strength, 2/3 strength, 1/3 strength, or be disabled. This option is controlled In the 
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CLKOCR. Disabling or decreasing the strength of CLK01 can reduce power consumption, 
noise, and electromagnetic Inteference on the printed circuit board. 

When the PLL Is acquiring lock, the CLK01 signal is disabled and remains In the low 
state. 

During the LPSTOP instruction, the PLL can be left enabled or can be disabled to 
conserve power. This option is determined by the STSIM bit In PLLCR. If the PLL Is 
disabled, CLK01 Is either the EXTAL/2 or EXTAL/128/2 frequency, depending on the 
divide-by-1 28 option. 

NOTE 

CLK01 Is always the same frequency as the SIMCLK. 

6.5.5.7 CLK02. CLK02 Is 2x general system clock frequency In normal operation. The 
CLK02 VCO normally equals 50 MHz (assuming a 25-MHz system frequency). CLK02 
can drive full strength, 2/3 strength, 1/3 strength, or be disabled. This option Is controlled 
In the CLKOCR. Disabling or decreasing the strength of CLK02 can reduce power 
consumption, noise, and electromagnetic inteference on the printed circuit board. 

CLK02 is always 2x CLK01 except when the PLL Is acquiring lock. When the PLL is 
acquiring lock, the CLK02 signal is the EXTAL or EXTAL/128 frequency, as determined 
by the divide-by-1 28 option. 

6.5.6 PLL Power Pins 

The following pins are dedicated to the PLL operation. 

6.5.6.1 VCCSYN. This pin Is the Vcc dedicated to the analog PLL circuits. The voltage 
should be well regulated, and the pin should be provided with an extremely low- 
Impedance path to the Vcc power rail. VCCSYN should be bypassed to GNDSYN by a 
0.1 -mF capacitor located as close as possible to the chip package. 

6.5.6.2 GNDSYN. This pin is the GND dedicated to the analog PLL circuits. The pin 
should be provided with an extremely low-impedance path to ground. GNDSYN should be 
bypassed to VCCSYN by a 0.1 -mF capacitor located as close as possible to the chip 
package. The user should also bypass GNDSYN to VCCSYN with a 0.01 -jxF capacitor as 
close as possible to the chip package. 

6.5.6.3 XFC. This pin connects to the off-chip capacitor for the PLL filter. One terminal of 
the capacitor is connected to XFC; the other terminal is connected to VCCSYN. 

R,R,7 CLKO Power Pins 

The following pins are dedicated to the CLKO operation. 

6.5.7.1 VCCCLK. This pin is the Vcc for the CLK01 and CLK02 output pins. The voltage 
should be well regulated and the pin should be provided with an extremely low-Impedance 
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path to the Vcc power rail. VCCCLK should be bypassed to GNDCLK by a 0.1 -mF 
capacitor located as close as possible to the chip package. 

6.5.7.2 GNDCLK. This pin is the GND for the CLK01 and CLK02 output pins. The pin 
should be provided with an extremely low-impedance path to ground. GNDCLK should be 
bypassed to VCCCLK by a 0.1 -mF capacitor located as close as possible to the chip 
package. 

6.5.8 Configuration Pins (MODCK1-!\/iODCK0) 

MODCK1-MODCK0 specifies whether the PLL is enabled and wha t the Initial VCO 
frequency is after a hardware reset. During the assertion of RESET, the value of the 
MODCK1-MODCK0 input pins causes the PLLEN bit and the MF bits of the PLLCR to be 
appropriate ly writte n. MODCK1-MODCK0 also determines if the oscillator's prescaler is 
used. After RESET is negated, the MODCK1-MODCK0 pins are ignored. Table 6-1 lists 
the default values of the PLL. These pins have an internal pullup during a hardware reset. 





Table 6-1. Default Operation 


Mode of the 


PLL 




MODCK 
1-0 


PLL 


Prescaled by 
128 


Multl. Factor 
(MF + 1) 


EXTALFreq. 
(Examples) 


CLKINtothe 
PLL 


Initial Freq. 
(VCO/2) 


00 


Disabled 


Reserved 


Reserved 


Reserved 


Reserved 


Resen/ed 


01 


Enabled 


No 


1 


>10MHz 


=EXTAL 


=EXTAL 


10 


Enabled 


Yes 


401 


4.192 MHz 


32.75 kHz 


13.14 MHz 


11 


Enabled 


No 


401 


32.768 kHz 


32.768 kHz 


13.14 MHz 




NOTE: If the PLL Is enabled and the multiplication factor is less than or equal to 4, then CLK02-CLK01 is 
synchronized to EXTAL. 

6.6 BREAKPOINT LOGIC 

The breakpoint logic provides an internal breakpoint address register (BKAP) and a 
breakpoint control register (BKCR) that allow hardware breakpoints in a QUICC system. 
This function is especially useful during in-field debugging activity when it is difficult to 
connect an in-circuit emulator or logic analyzer to the target board. The use of the 
background mode of the CPU32+, in combination with the breakpoint logic, provides a 
convenient and powerful debugging capability. 

NOTE 

Emulator manufacturers use the QUICC breakpoint logic in 
their QUICC emulator designs. Customers using emulators 
should leave the breakpoint logic available for use by the 
emulator manufacturer, and should not configure the 
breakpoint logic in their application programs. 



When a breakpoint match occurs, the BKPT line is asserted. This can cause a BKPT 
exception to the CPU32+, and will set a status bit in the IDMA or SDMA that can be used 
to generate a maskable Interrupt. The maskable interrupt may or may not terminate IDMA 
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or SOMA activity, depending on ttie bus arbitration priority of tlie IDMA or SOMA as 
compared to tlie interrupt level asserted. 

NOTE 

When the QUICC is configured for a 32-bit bus, the CPU32+ 
can fetch t wo instructions simultaneously. Since there is only 
one BKPT pin, the user cannot break on each Instruction, but 
rather must break on both, causing the BKPT exception to be 
taken after the first Instruction and before the second. The 
internal breakpoint logic, however, can assert a breakpoint for 
either instruction individually. 

The breakpoint logic allows a great deal of flexibility in what constitutes a breakpoint 
match. If more than one hardware breakpoint is re quired, then additional breakpoints may 
be generated extemally in hardware and assert the BKPT pin. 

32-Bit Address Decode 

The BKAR allows a full 32-blt address to be loaded. This address is qualified in various 
ways using the BKCR. If no address is desired, the V-bit in the BKCR may be cleared. 

Address Space Checking 

The BKCR allows the user to check many combinations of function codes before 
causing a breakpoint match. Nine bits in the BKCR allow such possibilities as excluding 
the IDMA and SDMA function codes and the user and supervisor programs, but 
including user and supervisor data. 

Read/Write Checking 
The breakpoint logic can cause a breakpoint match for read accesses only, write 
accesses only, or both read and write accesses. 

8, 16, 24 and 32 Bit Sizes 

The breakpoint logic can cause a breakpoint match for accesses to the specified 
address with a size of byte, word, three byte, long word, or any size. 

Variable Block Sizes 
If desired, the breakpoint match can occur in a region larger than just one address. 
Block sizes may be defined to be the block of memory in which the address resides. 
The blocks sizes may be 2K, 8K, or 32K bytes. 

Additionally, the breakpoint match can be defined to occur at every address except the 
address or address block that is specified. This feature allows the user to single step all 
hi? prc^rEm code. The bre8k"oint !o"ic Is then used to mask off the user's 
monitor/debugger. The monitor/debugger thus resides within the programmable block 
specified by the breakpoint logic. 
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External Masters 

The breakpoint logic can also wo rk with external masters, such as an external 
MC68040, MC68030, or QUICC. The BKPT pin is asserted when a match is detected. 

In the case of an external MC68040, the user may have to set the TSS40 bit in the 
GMR to allow enough setup time for the address comparison logic. Also, In the case of 
an external MC68040, the comparison is only made on the first accesses of an 
MC68040 burst access (i.e., the_address comparison of the breakpoint logic is 
performed only when the MC68040 TS pin is asserted). 

6.7 EXTERNAL BUS INTERFACE CONTROL 

This subsection describes the method by which the EBI is configured, which includes the 
data bus size (either 32 or 16 bits), port D, and port E. Refer to Section 4 Bus Operation 
for more information about the EBI. 

NOTE 

All accesses to the QUICC internal RAM and registers 
(including MBAR) by an external master are asynchronous to 
the QUICC clock. R ead and write accesses are with three wait 
states, and DSACK is asserted by the QUICC assuming three- 
wait-state accesses. 

6.7.1 Initial Configuration 

The QUICC has three configuration (CONFIG) pins that are sampled during system (or 
power-up) reset to select the initial size of the global chip select and whether the QUICC Is 
in the normal (CPU32+ enabled) mode or the slave (CPU32+ disabled) mode (see Table 
6-2). 

See 6.10 IMemory Controller for a description of the global chip select and 6.8 Slave 
(Disable CPU32+) Mode for a description of slave mode. In normal mode, the global chip 
select can initially assume the boot ROM port size to be either 8, 1 6, or 32 bits. In the 
slave mode, the global chip select can be enabled with 8, 16, or 32 bits, or the global chip 
select can be disabled. The global chip select would normally be disabled if another 
QUICC or processor was providing the boot ROM chip select function. 
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Table 6-2. QUICC Initial Configuration 




Configuration Pins 


Result 


C0NFIG2 
/FREEZE 


C0NFIG1 

/BCLRO 


CONFIGO 
/RMC 











Slave mode; global chip select 8-bit size; MBAR at $003FF00. 








1 


Slave mode; global chip select 32-bit size; MBAR at $003FF00; not 
MC68040 companion mode; BR output, WS input. 





1 





Slave mode; global chip select 16-bit size; MBAR at $003FF00. 





1 


1 


MC68040 companion mode; global chip select 32-bit size; MBAR at 
$003FF00; M input, BS output. 


1 








CPU32-«- enabled; global chip select 32-bit size; MBAR at $003FF00. 


1 





1 


CPU32+ enabled; global chip select 16-bit size; MBAR at $003FF00. 


1 


1 





Slave mode; global chip select disabled; MBAR at $003FF04. 


1 


1 


1 


CPU32-f enabled; global chip select 8-bit size; MBAR at $003FF00. 



6.7.2 Port D 

If the user configures a 16-bit data bus by driving a zero voltage on the PRTY3 pin during 
system reset, then the D0-D15 pins are not used as a data bus, but are referred to as port 
D. At this time, port D is not available for general-purpose I/O or any other alternate 
function on the QUICC. In the future, these pins may be defined to have an additional 
function in 16-bit data bus mode. 

NOTES 

The 16-bit data bus Is available on the D16-D31 pins. Dynamic 
bus sizing for 8- and 16-bit ports is possible with a 16-bit data 
bus. 

PRTY3 has a small internal pullup to pull a floating PRTY3 
signal high. Thus, the default condition of the QUICC provides 
a full 32-bit data bus, with 8-, 16-, and 32-bit dynamic bus 
sizing possible. 



6.7.3 Port E 

Port E pins can be ind epen dently programmed to selec t a nu mber of system bus signal 
alternatives, including CAS lines, WE lines, OE lines, lACK lines, etc. The port E pin 
assignment register controls the function of the port E pins. See 6.9.4 Port E Pin 
Assignment Register (PEPAR). 

6.8 SLAVE (DISABLE CPU32+) l\/IODE 

In this mode, the CPU32-I- core on the QUICC is disabled, and the QUICC functions as an 
intelligent peripheral. Slave mode is enabled during system (or power-up) reset by the 
configuration of the CONFIG pins. In slave mode, the IDMAs and SDMAs on a QUICC 
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can still obtain ownership of the system bus, even through the CPU32+ core Is disabled. 
The slave mode has several common uses: 

1 . A multiple QUICC system. One QUICC In the system works normally with its 
CPU32+ enabled. It is called the system master. The rest of the QUICCs are used in 
slave mode as peripherals, with their CPUs disabled. The slaves would have their 
CONFIG pins configured to 1 10. 

2. MC68040 companion mode. The QUICC operates solely as a peripheral to the 
MC68EC040 processor (or other M68040 family member). In this case, the QUICC 
provides a two-chip MC68EC040 system solution. One benefit of this configuration is 
that the QUICC memory controller can provide DRAM control for the MC68EC040 
that includes MC68EC040 bursting support. In an MC68EC040+QUICC system, the 
QUICCs CONFIG pins would normally be set to 01 1 for a 32-bit boot ROM. 

3. MC68040 companion mode with multiple QUICCs. In this case, multiple QUICCs 
can be slaves to a single MC68EC040. The user then chooses one of the QUICCs 
to provide the DRAM control for the MC68EC040 as well as the other QUICCs. In 
this case, the MC68EC040 access to the DRAM is not slowed down by the relatively 
slower QUICC accesses. The first QUICC in the system would have its CONFIG 
pins set to 01 1 , and the other QUICCs added to that system would have their 
CONFIG pins set to 110. 

4. QUICC is a slave to the MC68030. The QUICC operates as a peripheral to the 
MC68EC030 processor (or other MC68030 family member). The QUICCs standard 
slave mode is used since its bus is an MC68030-type bus. The QUICC does not 
support MC68030 burst accesses. In an MC68EC030+QUICC system, the QUICCs 
CONFIG pins could be set to 000, 001 , or 010, depending on the boot ROM size. 

NOTES 

When used in slave mode, the QUICC must be configured with 
a 32-bit data bus. 

Even without the use of the slave mode, another processor can 
be granted access to the QUICCs on-chip peripherals by 
requesting the bus with the BR pin. 

6.8.1 MBAR in a Multiple QUICC System 

The module base address register (MBAR) is used to configure the location of the 
QUICCs block of on-chip RAM and registers. In a multiple QUICC system, a technique 
must be provided to allow multiple MBARs on multiple QUICCs to be programmed with 
unique values. The QUICC has several provisions to support this. 

First, any QUICC that is configured into slave mode with its global chip select disabled 
(CONFIG pins = 110) automatically has its MBAR location changed from $0003FF00 to 
$0003FF04. Second, the MBAR, newly located at address $0003FF04, can only be 
enabled for access after a keyed write operation is performed (see Figure 6-9). The keyed 
write allows the user to program the MBARs of multiple QUICC slaves without adding any 
external glue logic. 
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NOTES 

If the QUICC is configured into slave mode with its global chip 
select enabled, the MBAR location does not change, and the 
keyed write is not required. Thus, a single QUICC configured 
as a slave to an MC68EC040 or MC68EC030 does not require 
a keyed write for Its MBAR. 

If there are N QUICCs sharing a bus, N-1 QUICCs would 
normally have their CONFIG pins configured as 1 10. 




4 KB- 



4 KB- 



DUAL-PORT 
RAM 



INTERNAL 
REGISTERS 




MBAR 



O: 



$0003FF04;FC>111 



MBAR SELECT BIT (BIT 31) 



MBARE 



<J^ 



$0003FF08:FC-111 



MBARE PIN 



Figure 6-9. MBAR Access to a Multiple QUICC Slave System 

The keye d write uses the MBAR enable (MBARE) register at address $0003FF08 and the 
MBARE pin. Both the newly located MBAR and the MBARE are located in the CPU 
address space FC = 1 1 1 . 

With multiple QUICCs are configured in slave mode, the following keyed write is used to 
enable th e MBAR programming: the user writes the MBAR select bit of MBARE with a 1 
while the MBARE pin is a logic zero. Once this is accomplished, the MBAR may be written 
at its new location (using the standard MBAR writing techniques). Once MBAR is written 
(in particular, the low-order byte of MBAR), then the MBAR select bit in MBARE is cleared, 
and further accesses to MBAR are impossible until the keyed write technique is used 
again. There is no time limit imposed between the keyed write and the MBAR write; 
however, once the keyed write for a particular QUICC slave has occurred, the MBAR of 
that slave should be written before performing another keyed write to another QUICC 
slave. 

The keyed write may be perfor med glue lessly to multiple QUICC slaves in the following 
way. Connect (in hardware) the MBARE pin of QUICC slave #1 to bit zero of the data bus 
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(DO). Connect the MBARE pin of QUICC slave #2 to D1, etc. Then perfonn the following 
operations in software: 

1 . Write the MBARE of QUICC slave #1 at $0003FF08 with valu e $FFFE . This sets the 
MBAR select bit (bit 31) and places a low voltage on only the MBARE pin of QUICC 
slave #1 . 

2. Now the MBAR of QUICC slave #1 can be accessed at $0003FF04 and written 
using normal MBAR writing procedures. 

3. Write the MBARE of QUICC slave #2 with the value $FFFD. 

4. Now the MBAR of QUICC slave #2 can be written. 

This technique will work for up to 31 QUICC slaves in the system, using no glue or parallel 
I/O pins. 

6.8.2 Global Chip Select (CSO) In Slave Mode 

When the QUICC is in s lave mode, the user may choose whether to enable the global 
chip-select operation of CSO. (The global chip select is used for boot ROMs and is 
described in 6.10 Memory Controller.) The global chip select can be either enabled or 
disabled by t he conf iguration on the CONFIG pins during power-up reset and system reset 
(RESET and H ALT asserted simultaneously). When the global chip select function is 
disabled, CSO can still be enabled later and used as a normal chip select, if desired. 

6.8.3 Bus Clear in Slave Mode 




The bus clear out (BCLRO) pin can be selected to signify to the extemal logic that the 
DRAM refresh controller, ID MA cha nnels, or SDMA cha nnels are requesting the bus. 
However, in slave mode, the BCLRO pin may become the RAS2DD double drive p in, and 
a new pin called bus clear in (BCLRI) is defined (at another location in the pinout). BCLRI 
indicates to that QUICC that a request is being made for the QUICC to release the system 
bus. The EB! will then clear all internal bus masters with an arbitration ID smaller than the 
programmed value of the bus clear in ID (BCLRIID) in the MCR. 

6.8.4 Interrupts in Slave Mode 

The SIM60 interrupt controller continues to function in slave mode and c an present 
interrupts from the PIT, SWT, and external interrupt sources on the IRQx pins to the 
processor. The highes t priority request is output as an encoded value on the lOUTx pins 
or is output on a single RQOUT pin. 

The CPM will also generate interrupts in slave mode. The CPM always generates unique 
vectors for its sub-modules in slave mode. The CPM also offers a number of individual 
interrupt request inputs (port C pins) that may be used in slave mode. 

When t he SIM 60 is in slave mode, the PIT and SWT must also g enerate interrupt vectors. 
For the IRQx pins, no vector is output in slave mode; rather, the AVECO pin is asserted if 
the corresponding bit in the AVR is set. 
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One i mportant restriction must be adhered to in slave mode. The user should not utilize an 
IRQx pin that is on the same level as the CPM, PIT, or SWT. The level of the CPM is 
programmed in the CICR. The level of the PIT is programmed in the PICR. The level of 
the S WT is 7 if it generates interrupts. Note that CPM port C pins operate similarly to the 
IRQx pins and may still be used. 

6.a.5 Pin Differences in Slave l\/lode 

A number of signals change functionality in slave mode. See Section 2 Signal 
Description for a full listing. A partial list of functionality changes is as follows: 

1 . BR will be an output from the QUICC (refresh cycles, IDMA, and SOMA) to the 
external bus. 

NOTE 

BR is still an input in MC68040 companion mode. 

2. BG will be an Input to the QUICC (refresh cycles, IDMA, and SOMA) from the 
external bus. 

NOTE 

BG is still an output in MC68040 companion mode. 



3. BGACK will be asserted during the QUICC external bus cycles. 

4. The QUICC interrupt controller will output its interrupt requests on the IOUT2-IOUT0 
pins, which normally would be sent to t he CPU 32+ core, and will reflect internally the 
interrupt acknowled ge cyc le. The three lOUTx pins r eflect t he se ven i nterrup t 
request levels. The lOUTx pins can be output on the IRQ1, IRQ4, and IRQ6 pins or 
on the parity PRTY2-PRTY0 pins as programmed in the port E pin assignment 
register. Additionally, the QU ICC inte rrupt controller can output its interrupt requests 
on one interrupt request pin (RQOUT) instead of three pins. 

5. An AVEC output (AVECO) function is supported instead of the AVEC input pin. 

6. The break point log ic may monitor the external bus instead of the internal bus and 
assert the BKPTO pin. 

7. The three-state (TRIS) pin becomes the transfer start (TS ) pin in slave mode. 
Anytime the QUICC is in slave mode, assertion of the TS pin notifies the QUICC that 
an external MC68040 cycle is beginning. Although the user typically configures the 
CONFIGx pins for MC68040 companion mode, this configuration is not required. It is 
possible for the QUICC to recognize an MC68040 cycle in any of the slave mode 
variations. (The reason for the MC68040 companion mode configuration of the 
CONFIGx pins is to allow the bus arbitration pins to have their directions reversed 
while still in slave mode.) 

6.8.6 Other Functionality in Slave Mode 

Although the slave mode does enable a number of different pins on the system bus and 
causes functional activities such as bus arbitration and Interrupt handling to occur 
differently, if a feature is not cited as changing its behavior in slave mode (i.e., 98% of the 
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features on QUICC), then it is not impacted by slave mode and continues to operate 
normally. 



6.9 PROGRAMMER'S MODEL 

The SIM60 contains a number of registers, described in the following paragraphs. Their 
locations and initial values may be found in Section 3 QUICC Memory Map. 

6.9.1 Module Base Address Register (MBAR) 

The MBAR is a 32-bit, memory-mapped, read-write register consisting of the high address 
bits. Upon a total system reset, its value may be read as $0. The address of this register is 
fixed at $03FF00 in supervisor space (except in slave mode where it is located at 
$03FF04). See 6.8 Slave (Disable CPU32+) Mode for details. 
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RESET: 






CPU SPACE ONLY 



BA31 -BA1 3— Base Address 

The base address field is the upper 19 bits of the MBAR, providing for block starting 
locations in increments of 8 Kbytes. 

AS8-AS0— Address Space 

The address space field allows particular address spaces to be masked, placing the 8K 
module block into a particular address space(s). If an address space is masked, an 
access to the register block location in that address space becomes an extemal access. 
The module block is not accessed. The address space bits are: 
ASS — mask DMA space address space (FC3-FC0=1xxx) 

AS7— mask CPU space address space (FC3-FC0=01 1 1 ) 

AS6 — mask supervisor program address space (FC3-FC0=01 1 0) 

ASS — mask supervisor data address space 

AS4 — mask Motorola reserved address space 

AS3 — mask user reserved address space 

AS2 — mask user program address space 

AS1 — mask user data address space 

ASO — mask Motorola reserved address space 



(FC3-FC0=0101) 
(FC3-FC0=0100) 
(FC3-FC0=0011) 
(FC3-FC0=0010) 
(FC3-FC0=0001) 
(FC3-FC0=0000) 
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For each address space bit: 

1 = Mask this address space from the internal module selection. The bus cycle goes 

external. 
= Decode for the internal module block. 

V— Valid 

This bit indicates when the contents of the MBAR are valid. The base address value is 
not used; therefore, all internal module registers are not accessible until the V-bit is set. 

= Contents not valid. 

1 = Contents valid. 

NOTE 

When working in the CPU enable mode, an access to this 
register does not affect external space since the cycle is not 
run externally. 

MBAR can be read using the following code. Register DO will contain the value of MBAR. 

load DO with the CPU space function code 
load SFC to indicate CPU space 
load AG with the address of MBAR 
load DO with the contents of MBAR 

MBAR can be written to using the following code. Address $0003FF00 in CPU space 
(MBAR) will be loaded with the value $FFFF F001 . This will set the base address of the 
internal registers to $FFFFF. 

load DO with the CPU space function code 

load DFC to indicate CPU space 

load AO with the address of MBAR 

load DO with the value to be written into MBAR 

write the value contained in DO into MBAR 

6.9.2 Module Base Address Register Enable (MBARE) 

The MBARE is a 32-bit, memory-mapped, read-write register. Upon a total system reset, 
its value may be read as $0. The address of this register is fixed at $03FF08 in CPU 
space. It is used to enable the MBAR to be programmed when multiple QUICCs are in 
slave mode. (See 6.8.1 MBAR in a Multiple QUICC System for details.) 
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RESET: 

oooooooooooooooo 

CPU SPACE ONLY 

MBS— MBAR Select 
0= No operation. 

1 = The MB AR is now ready to be programmed on this slave QUICC device If the 
MBARE pin was low during the write to this bit. 

6.9.3 System Configuration and Protection Registers 

The following paragraphs provide descriptions of the system configuration and protection 
registers. 

6.9.3.1 MODULE CONFIGURATION REGISTER (MCR). The MCR, which controls the 
SIM60 configuration, can be read or written at any time. 
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BSTM 
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14 
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ASTM 


FRZ1-FRZ0 


BCLROID2-BCLROID0 


SHEN1-SHEN0 


SUPV 


BCLRISM2-BCLRISM0or 
BCLRIID2-BCLRIID0 


IARB3-IARB0 



BR040ID2-BR040IDO— Bus Request MC68040 Arbitration ID 

These bits contain the arbitration priority level for the MC68040 BR signal when the 
QUICC is in MC68040 companion mode; otherwise, this value Is ignored. The MC68040 
BR signal In companion mode) is reflected on the 1MB with the bus arbitration level 
corresponding to these bits. This method gives the user a choice of where to place the 
arbitration level of the MC68040 (and other external masters in this system) relative to 
the IDMA, SDMA, or DRAM refresh cycles generated by the QIUCC. 

NOTE 

In a typical configuration, the user would program this value to 
a 3 to give the MC68040 priority over the IDMAs, but not over 
the SDMAs and the DRAM refresh cycle. If the SDMAs, 
however, are not of extremely high priority, the user may 
choose this value to be 5. 
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Bits 28-17— Reserved 

BSTM — Bus Synchronous Timing Mode 
This bit determines whether the EBI will synchronize the AS and DS bus signals used 
for an external master's access into the QUICC peripherals and for CS and RAS 
gene ration by the QUICC. The synchronization will add a one-clock delay to the 
RAS/CS assertion for an external master. The MC68EC040 signals must always be 
synchronized to the QUICC clock, regardless of the setting of this bit. See 6.10 Memory 
Controller for recommendations on the setting of BSTM in certain situations. 

= Asynchronous timing on the bus signals may be used. The bus signals are 

synchronized Internally by the QUICC and do not have to meet any timings 
relative to the system clock. 

1 = Synchronous timing on the bus signals must be used. The bus control signals will 

not be synchronized internally and therefore must meet the system clock setup 
and hold timings. 

NOTE 



BCLRI, A ddress, Data, DSACK, BERR, HALT, RESETH, and 
RESETS are always asynchronous. 

ASTM— Arbitration Synchronous Timing Mode 
This bit determines whether the EBI will synchronize the arbitration signals: BR, BG, and 
BGACK. The synchronization will add a one-clock delay to the external bus arbitration. 

= Asynchronous timing on the arbitration signals may be used. The arbitration 

signals will be synchronized Internally by the QUICC and do not have to meet 
any timings relative to the system clock. 

1 = Synchronous timing on the arbitration signals must be used. The arbitration 

control signals will not be synchronized internally and therefore must meet the 
system clock setup and hold timings. 

FRZ1— Freeze SWT and PIT Enable 

= When FREEZE is asserted, the SWT and the PIT counters continue to run. See 

6.3.3 Freeze Support for more Information. 

1 = When FREEZE is asserted, the SWT and the PIT counters are disabled, 

preventing Interrupts from occurring during software debugging. 

FRZO— Freeze Bus Monitor Enable 

= When FREEZE Is asserted, the bus monitor continues to operate as 

programmed. 

1 = When FREEZE is asserted, both the Internal and external bus monitors are 

disabled. 
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BCLROID2-BCLROID0— Bus Clear Out Arbitration ID 



These bits contain the arbitration priority level for the assertion of the BCLRO signal. 
When internal masters (IDI\/IA, SDIVIA, or DRAI\^ refresh cycle) request the bus and the 
arbitration level on the 1MB Is greater than the bus clear out arbitration ID, the BCLRO 
signal will be asserted until the arbitration level is less than or equal to the bus clear out 
arbitration ID. BCLRO can be used to clear an external master from the external bus 
when a refresh cycle is pending. It may also be used to clear an external master from 
the bus when an SDMA or IDMA channel requests the extemal bus. 

NOTE 

Program this value to 3 In a normal system to allow the SDMA 
and DRAM refresh controller to clear other bus masters off the 
external bus. 



SHEN1-SHEN0— Show Cycle Enable 

These two control bits determine what the EBI does with the extemal bus during Internal 
transfer operations (see Table 6-3). A show cycle allows internal transfers to be 
externally monitored. The address, data, and control signals (except for AS) are driven 
externally. DS is used to signal address strobe timing for show cycles. Data is valid on 
the next failing^ clock edge after DS Is negated. However, data Is not driven externally 
and AS and DS are not asserted externally for Internal accesses unless show cycles are 
enabled. 

If extemal bus arbitration is disabled, the EBI will not recognize an extemal bus request 
until arbitration is enabled again. When SHEN1 Is set, an external bus request causes 
an Internal master to stop its current cycle and relinquish the Internal bus. The intemal 
master resumes running cycles on the bus after BR and BGACK are negated. To 
prevent bus conflicts, external peripherals must not attempt to initiate cycles during 
show cycles with arbitration disabled. 

Table 6-3. Show Cycle Control Bits 




SHENI 


SHENO 


Action 








Normal operation. Split buses mode. Show cycles is disabled and extemal arbitration 
is enabled. 





1 


Show cycles enabled. Extemal arbitration is disabled and WS is never asserted. 


1 


X 


Show cycles enabled. External arbitration is enabled and intemal activity is halted 
when B^ is asserted by the QUICC. 



NOTES 

In slave mode, these bits default to 00, and writes by the user 
have no effect on operation. 
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In case 00 (show cycles disabled), If the external bus Is 
available when an Intemal-to-intemal access occurs, the 
address and function code pins will reflect the internal access. 

Case 01 may be used as a debugging aid to eliminate the 
external bus master as a possible cause of the problem or to 
prevent interference in a user debug session. 

Although case 00 is recommended for normal operation, case 
1x may be used during initial development for visibility on the 
internal bus, at the expense of perfomnance. Moving from 1x to 
00 increases performance for two reasons: 1) both the internal 
and external buses may be used simultaneously and 2) the 
external bus master will obtain the BG signal assertion more 
quickly after asserting BR. 

SUPV — Supervisor/User Data Space 

The SUPV bit defines the SIM60 global registers as either supervisor data space or 
user (unrestricted) data space. It is a don't care on the SIM60 and is reserved for future 
expansion. 

= The SIM60 registers defined as supervisor/user data are unrestricted (FC2 is a 

don't care). 

1 = The SIM60 registers defined as supervisor/user are restricted to supervisor data 

access (FC3-FC0 = 0$5). Any attempted user space write is ignored and returns 
BERR. 

NOTE 

This bit is "don't care" in the SIM60 since no user space 
registers exist. It is reserved for future expansions. 

BCLRISM2-BCLRISM0— Bus Clear Interrupt Sen/ice Mask (Nomrial Mode Only) 
These bits contain the interrupt service mask. Wh en the in terrupt service level on the 
IMB is greater than the interrupt service mask, the BCLRO signal will be asserted until 
the interrupt level is less than or equal to the interrupt service mask. This feature can be 
used to clear an extemal master from the external bus to reduce the interrupt latency for 
a certain interrupt level and above. 

NOTES 

This value should be programmed to 7 in a typical system 
unless the user needs to give certain interrupt routines priority 

rk\/Ar Avtarnal hue moetore 

In slave mode (disable CPU32+), these bits are not used and 
have a different definition. 
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BCLRIID2-BCLRIID0— Bus Clear In Arbitration ID (Slave Mode Only) 

These bits contain the arbitration priority level for the BCLRI signal. If BCLRI is asserted 
when the internal master (I DMA, SDMA, or DRAM refresh cycle) is requesting or using 
the bus, and if the arbitration level on the 1MB is lower than th e bus clear in arbitration 
ID bits , the internal master will release the bus until the BCLRI signal Is negated. Thus, 
BCLRI can be used to clear an internal master from the external bus when the bus is 
needed for a higher priority task. 

NOTES 

Program the arbitration IDs of the QUICC as follows: SDMA = 
4, IDMAx = 2, IDMAy = 0. The DRAM refresh controller is 
always 7. Thus, the user may choose 3 for this value to give 
the external master priority over the I DMA channels only. 

In the case of the MC68040 companion mode, the BG pin is 
also negated by the QUICC when an internal master has 
released the bus. 

In normal operation (CPU32+ enabled), these bits are not used 
and have a different definition. 



IARB3-IARB0— Interrupt Arbitration 
The reset value of lARB Is $F, allowing the SIM60 to win interrupt arbitrations during an 
interrupt aclcnowledge cycle immediately after reset. The system software should 
Initialize the lARB field to a value from $F (highest priority) to $1 (lowest priority). A 
value of $0 prevents arbitration and causes ail SIM60 interrupts, including external 
interrupts, to be discarded as extraneous. 

NOTE 

This register is a don't care if the SIM60 interrupt sources are 
on different levels than the CPM. If, however, a SIM60 interrupt 
source shares a level with the CPM, write either $F or $1 to 
this register. Since the CPM interrupt arbitration ID is always 8, 
the $F gives the SIM60 source higher priority than the CPM 
source(s), and a $1 gives the interrupt source lower priority 
than the CPM source(s). 

6.9.3.2 AUTOVECTOR REGISTER (AVR). The AVR contains bits that correspond to 
external interrupt levels that require an autovector response. Setting a bit allows the 
SIM60 to assert an internal AVEC during the interrupt acl<nowledge cycle in response to 
the specified interrupt request level. This register can be read and written at any time. 
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SUPERVISOR ONLY 
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NOTE 

The lARB field in the IVICR must contain a value other than $0 
for the SIM60 to produce an autovector for external Interrupts. 

6.9.3.3 RESET STATUS REGISTER (RSR). The RSR contains a bit for each reset source 
to the SIM60. A set bit indicates the last type of reset that occurred. The RSR is updated 
by the reset control logic when the reset is complete. After power-up reset, only the POW 
bit Is set. Other bits may be set after different kinds of reset occur. Since this register is 
only cleared upon a power-up reset, the user should clear this register after every reset so 
that the cause of the most recent reset may be easily determined. 

A bit is cleared by writing a one (writing a zero does not affect a bit's value). More than 
one bit may be cleared at a time. The register may be read at any time. For more 
information, see Section 4 Bus Operation. 
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SUPERVISOR ONLY 

EXT— External Total System Reset (Hard Reset) 

1 = The last reset was caused by an external signal driving RESETH. This will reset 
all the QUICC's peripherals to the state they had at power-up reset. This reset, 
which is also referred to as system reset or hardware reset, has the same effect 
in the system as a power-up reset. 

POW— Power-Up Reset 

1 = The last reset was caused by the power-up reset circuit. 

SW— Software Watchdog Reset 

1 = The last reset was caused by the software watchdog circuit. 

DBF— Double Bus Fault Monitor Reset 

1 = The last reset was caused by the double bus fault monitor. 

Bit 3 — Reserved 

LOG— Loss of Clocl< Reset 

1 = The last reset was caused by a loss of frequency reference to the clock sub- 
module. This reset can only occur If the RSTEN bit in the clock sub-module is set 
and the VCO is enabled. 

\JI \\J I S^Vil i ICOd 

1 = The last reset was caused by the CPU32+ executing a RESET Instruction. The 
RESET instruction does not load a reset vector or affect any internal CPU32+ 
registers or S1M60 configuration registers, but does reset extemal devices and 
other internal modules. See Section 3 Memory Map for a listing of registers 
affected by the hard reset. 
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SRSTP— Soft Reset Pin 

1 = The last reset was caused by an external signal driving RESETS. The RESETS 
pin assertion does not affect any Internal CPU32+ registers or SIM60 
configuration registers, but does reset external devices and other internal 
modules. See Section 3 Memory Map for a listing of registers affected by the 
hard reset. 

6.9.3.4 SOFTWARE WATCHDOG INTERRUPT VECTOR REGISTER (SWIV). The SWIV 
contains the 8-bit vector that is returned by the SIM60 during an interrupt acknowledge 
cycle in response to an Interrupt generated by the SWT. This register can be read or 
written at any time. This register Is set to the uninitialized vector, $0F, at reset. 
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6.9.3.5 SYSTEM PROTECTION CONTROL REGISTER (SYPCR). The SYPCR controls 
the system monitors, the prescaler for the SWT, and the bus monitor timing. This register 
can be read at any time, but can be written only once after system reset. 
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SWE— Software Watchdog Enable 
This bit should be cleared by software after a system reset to disable the SWT. See 
6.3.1.2.4 Software Watchdog Timer (SWT) for more information. 

0= SWT is disabled. 

1 = SWT is enabled (This is the default value after system reset.) 

SWRI— Software Watchdog Reset/Interrupt Select 

0= SWT causes a level 7 interrupt to the CPU32+. 

1 = SWT causes a system reset. (This is the default value after system reset.) 

SWT1-S WTO— Software Watchdog Timing 
These bits, along with the SWP bit in the PITR, control the divide ratio used to establish 
the timeout period for the SWT. The default value (11) yields the maximum timeout 
period. The SWT timeout period is given by the following fomiula: 

1 



(EXTALDIV)/(divide count) 



or 



divide count 
EXTALDIV 
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The SWT timeout period listed in Table 6-4 gives the formula to derive the SWT timeout 
for any clock frequency. The timeout periods are listed for various input frequencies. Note 
that the input frequency to the SWT is called EXTALDIV in the fonnulas and Is the EXTAL 
frequency divided by 1 or by 128, depending on the MODCK1-MODCK0 pins. 

Table 6-4. Deriving SWT Timeout 




SWP 


SWT1-SWT0 


Software Timeout Period 


32.768 icHzl 


16.677 MHz 


25 MHz 


33.354 MHz 





00 


2^/lnput frequency^ 


15.6 ms 


3.9 ms 


2.6 ms 


1.9 ms 





01 


2'''' /Input frequency 


62.5 ms 


15.7 ms 


10.5 ms 


7.9 ms 





10 


2^ 3/lnput frequency 


250 ms 


62.9 ms 


41.9 ms 


31.4 ms 





11 


2"' ^/Input frequency 


Is 


251.5 ms 


167.7 ms 


125.7 ms 


1 


00 


2'' ^/Input frequency 


8s 


2.0 s 


1.3 s 


1.0 s 


1 


01 


220/lnput frequency 


32 s 


8.0 s 


5.4 s 


4.0 s 


1 


10 


222/input frequency 


128 s 


32.2 s 


21.5 s 


16.1s 


1 


11 


22*/lnput frequency 


512 s 


128.8$ 


85.9 s 


64.4 s 



NOTES: 

1. Note that a 4.192-MHz oscillator produces the same 32.768 input frequency (the 4.192 MHz is divided by 
128 in the oscillator circuit). 

2. Programming for this timeout period must be done after the programming of the PLL See also 6.9.3.10 PU. 
CONTROL REGISTER (PLLCR). 

NOTE 

When the SWP and SWT bits are modified to select a software 
timeout other than the default, the software service sequence 
($55 followed by $AA written to the software service register) 
must be perfomned before the new timeout period takes effect. 



DBFE — Double Bus Fault Monitor Enable 

= Enable the double bus fault monitor function. 

1 = For more information, see 6.3.1.2.3 Double Bus Fault Monitor and Section 5 

CPU32+. 

BME — Bus Monitor External Enable 

= Enable bus monitor function for the external bus cycles. 

1 = For more infomnation see 6.3.1.2.1 Bus Monitor. 

BMT1-BMT0— Bus Monitor Timing 
These bits select the timeout period for the bus monitor (see Table 6-5). 
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Table 6-5. BMT Encoding 



BMT1 


BMTO 


Bus Monitor Timeout Period 








IK System Clocks (CLK01 Clocks) 





1 


512 System Clocks 


1 





256 System Clocks 


1 


1 


128 System Clocks 



6.9.3.6 PERIODIC INTERRUPT CONTROL REGISTER (PICR). The PICR contains the 
interrupt level and the vector number for the periodic interrupt request. This register can 
be read or written at any time. Bits 15-11 are unimplemented and always return zero; a 
write to these bits has no effect. 
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RESET: 




1 1 1 
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PIR0L2-PIRQLa— Periodic Interrupt Request Level 
These bits contain the periodic interrupt request level. Table 6-6 lists which interrupt 
request level is asserted during an Interrupt acknowledge cycle when a periodic 
interrupt is generated. The PIT continues to run when the interrupt is disabled. 

NOTE 

Use caution with a level 7 interrupt encoding due to the SIM60 
interrupt servicing order. See 6.3.1.2 Simultaneous SIM60 
Interrupt Sources for the servicing order. 



Table 6-6. Periodic Interrupt Request Level Encoding 


PIRQL2 


PIRQL1 


PIRQLO 


Interrupt Request Level 











PIT Disabled 








1 


Interrupt Request Level 1 





1 





Interrupt Request Level 2 





1 


1 


Interrupt Request Level 3 


1 








Intermpt Request Level 4 


1 





1 


Interrupt Request Level 5 


1 


1 





Interrupt Request Level 6 


1 


1 


1 


Interrupt Request Level 7 



PIV7-PIV0— Periodic Interrupt Vector 
These bits contain the value of the vector generated during an interrupt acknowledge 
cycle in response to an interrupt from the PIT. When the SIM60 responds to the 
interrupt acknowledge cycle, the periodic interrupt vector from the PICR is placed on the 
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bus. This vector number is multiplied by 4 to form the vector offset, which is added to 
the VBR in the CPU32+ to obtain the address of the vector. 

6.9.3.7 PERIODIC INTERRUPT TIMER REGISTER (PITR). The PITR contains control for 
prescaling the SWT and PIT as well as the count value for the PIT. This register can be 
read or written at any time. Bits 15-10 are not implemented and always return zero when 
read. A write does not affect these bits. 
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SWP— Software Watchdog Prescaler Control 
This bit controls the SWT clock source as shown in 6.9.3.5 System Protection Control 
Register (SYPCR). The SWP reset value is the inverse of the IVIODCKI pin state on 
the rising edge of reset. 

= SWT clock is not prescaled. 

1 = SWT clock is prescaled by a value of 512. 

PTP — Periodic Timer Prescaler Control 

This bit contains the prescaler control for the PIT. The PTP reset value is the inverse of 
the M0DCK1 pin state on the rising edge of reset. 

= PIT clock is not prescaled. 

1 = PIT clock is prescaled by a value of 512. 

PITR7-PITR0— Periodic Interrupt Timer Register 
These bits contain the remaining bits of the PITR count value for the PIT. A zero value 
tums off the PIT. These bits may be written at any time to modify the PIT count value. 

NOTE 

If the PIT is enabled with the PTP bit set, then the first interrupt 
can be up to 512 clocks early. 

6.9.3.8 SOFTWARE SERVICE REGISTER (SWSR). The SWSR is the location to which 
the SWT servicing sequence Is written. To prevent an SWT timeout, the user should write 
a $55 followed by a $AA to this register. The SWT can be disabled by clearing the SWE 
bit in the SYPCR. The SWSR can be written at any time, but returns all zeros when read. 
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6.9.3.9 CLKO CONTROL REGISTER (CLKOCR). The CLKOCR controls the operation of 
the CLK02-1 pins. CLKOWP bit in CLKOCR is used as a protect mechanism to prevent 
erroneous writing. CLKOCR can be read or written only in supervisor mode. 
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CLKOWP 
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RSTEN 


- 


COM2 


C0M1 



RESET: 

Q/1 Q/1 Q/l Q/1 

CLKOWP— CLKOCR Write Protect 
This bit protects accidental writing into tlie CLKOCR. After reset, this bit defaults to zero 
to enable writing. Setting this bit prevents further writing (excluding the first write that 
sets this bit). 

Bits 6 and 4 — Reserved 

RSTEN— Reset Enable 

- Loss-of-lock condition does not cause a system reset. 

1 = Loss-of-lock condition causes a system reset. 

NOTE 

If the loss-of-l ock con dition is a result of the user changing the 
MF bits, then RESET is not asserted, even though the RSTEN 
bit is set. This behavior is necessary in multiple QUICC 
systems where a master QUICC has clocks generated by a 
low-frequency crystal and its CLK01 pin is connected to the 
EXTAL pin of a slave QUICC. In this case, the slave QUICC 
should not experience a reset when the master QUICC's MF 
bits are modified. 

COM2— Clock Output 2 Mode 
The COM2 bits control the output buffer strength of the CLK02 pin. When both bits are 
set, the CLK02 pin is held in the high (1) state. These bits can be dynamically changed 
without generating spikes on the CLK02 pin. If the CLK02 pin is not connected to 
external circuits, set both bits (disabling the clock output) to minimize noise and power 
dissipation. 

The COM2 bits are set to ones at system reset, unless MODCK = 01 , in which case 
they are cleared. This causes CLK02 to be disabled at system reset, unless MODCK = 
01 . (This causes CLK02 to default to a quite state, unless it is needed in an MC68040 
companion mode system.) 

00 = Clock Out Enabled, Full-Strength Output Buffer 

01 = Clock Out Enabled, 2/3-Strength Output Buffer 

10 = Clock Out Enabled, 1/3-Strength Output Buffer 

1 1 = Clock Out Disabled (Driving 1). 

C0M1— Clock Output 1 Mode 
The C0M1 bits control the output buffer strength of the CLK01 pin. When both bits are 
set, the CLK01 pin is held in the high (1) state. These bits can be dynamically changed 
without generating spikes on the CLK01 pin. If the CLK01 pin is not connected to 
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external circuits, set botii bits (disabling the clock output) to minimize noise and power 
dissipation. 

The C0M1 bits are cleared at system reset, unless MODCK = 01, in which case they 
are ones. This prevents CLK01 and CLK02 from both defaulting to an active state after 
reset, for all four combinations of the MODCK1-0 pins. This reduces the potential for 
system noise at reset. CLK01 may be enabled later, if desired. 

NOTE 

If a continuous clock source is needed iby the user when 
MODCK - 01 , then the user should use the output of the 
external oscillator instead of the CLK01 pin. 

00 = Clock Out Enabled, Full-Strength Output Buffer 

01 = Clock Out Enabled, 2/3-Strength Output Buffer 

10 = Clock Out Enabled, 1/3-Strength Output Buffer 

11 = Clock Out Disabled (Driving 1). 

6.9.3.10 PLL CONTROL REGISTER (PLLCR). The PLLCR controls the operation of the 
PLL. It can be read or written only in supervisor mode. Writing into this register is allowed 
only if the PLLWP bit is zero. The reset state of PLLCR produces an operating frequency 
of 13.14 MHz when the PLL is referenced to a 32.768-kHz crystal or to 4.192 MHz. Two 
pins (MODCK1-MODCK0) are sampled during hardware reset (see Table 6-1). 
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RESET: 




M0DCK1 M0DCK1 



M0DCK1 



PLLEN— PLL Enable Bit 

The PLLEN bit enables the PLL operation. When the PLL is disabled, the VCO is not 
operating to minimize power consumption. The PLLEN bit may be set by software but it 
cannot be reset by software. During a hardware reset, this bit Is set if the M0DCK1- 
MODCKO pins specify that the PLL is enabled. The only way to clear PLLEN is to hold 
the MODCK1-MODCK0 pins low during a hardware reset. 

= The PLL is disabled. Clocks are derived directly from the EXTAL pin. 

1 = The PLL is enabled. Clocks are derived from the VCO output of the PLL. 

PLLWP— PLLCR Write Protect 

This bit protects accidental writing of the PLLCR. After reset, this bit defaults to zero to 
enable writing. Setting this bit prevents further writing (excluding the first write that sets 
this bit). 

PREEN— Prescaler Enable 

This bit controls the divide-by-128 prescaler on the EXTAL signal. This bit is set during 
hardware reset only if the MODCK1-MODCK0 pins specify that the divlde-by-128 
prescaler is used. It may be read thereafter as a status. If it is ever modified by 
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software, it should be changed at the same time that the corresponding change in the 
MF bits is performed. 

= The divide-by-128 prescaler is disabled. CLKIN = EXTAL— the PLL Input clock 

frequency is the EXTAL frequency. 

1 = The divide-by-128 prescaler is enabled. CLKIN = EXTAL/1 28— the PLL input 

clock frequency is the EXTAL frequency divided by 128. 

STSIM— Stop Mode SIMCLK 

= When the LPSTOP instruction is executed, the SIMCLK is driven from the 

crystal. The frequency is either EXTAL/2 or EXTALy256, depending on the 
divide-by-128 option. The PLL is disabled to conserve power. 

1 = When the LPSTOP instruction is executed, the SIM60 clock is driven from the 

VCO. 

MF11-MF0 — Multiplication Factor 

These bits define the multiplication factor that will be applied to the PLL input frequency. 
The multiplication factor can be any integer from 1 to 4096. The system frequency is ((MF 
bits + 1) X EXTALDIV), where EXTALDIV is either EXTAL or EXTAL/1 28, depending on 
the MODCK bit configuration. The multiplication factor must be chosen to ensure that the 
resulting VCO output frequency will be in the range from 10 MHz to the maximum allowed 
clock input frequency (e.g., 25 MHz for a 25-MHz device). In addition, the VCO outputs a 
2x frequency signal, which is 2x the multiplied value configured In the MF bits. This 
frequency is not used in any of the MF calculations. 

The value 000 results in a multiplier value of 1 ; the value $FFF results in a multiplier value 
of 4096. 

Anytime a new value is written into the MF11-MF0 bits, the PLL will lose the lock 
condition and, after a delay, will relock. When the PLL loses its lock condition, all clocks 
generated by the PLL are disabled. After a hardware reset, the MF11-MF0 bits default to 
either or 400 ($190 hex), depending on the MODCK1-MODCK0 pins (giving a 
multiplication factor of 1 or 401). If the multiplication factor is 401, then a standard 32.768- 
kHz crystal generates an initial general system clock of 13.14 MHz. The user would then 
write the MF bits to raise this frequency to the desired frequency. 

NOTE 

SWT clocking does not stop when the PLL Is In the process of 
acquiring a lock. Therefore, the user should service the SWT 
(reset its count) before and after changing the MF bits. 

6.9.3.11 CLOCK DIVIDER CONTROL REGISTER (CDVCR). The CDVCR controls the 
operation of the low-power divider for the various clocks on the QUICC. It can be read or 
written only in supervisor mode. Writing this register is allowed only if the CDVWP bit is 
zero. The reset state of CDVCR produces the maximum frequency for all the clocks that It 
affects. 
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CD\/WP— CDVCR Write Protect 

This bit protects accidental writing of tlie CDVCR. After reset, this bit defaults to zero to 
enable writing. Setting this bit prevents further writing (excluding the first write that sets 
this bit). 

DFSY— Division Factor for the SyncCLK 
These bits define the SyncCLK frequency. Changing the value of the these bits will not 
result in a loss-of-lock condition. These bits are cleared by a hardware reset. The 
default value is divide by 1 (VCO/2) which is 25 MHz in a 25-MHz system. 

00 = Divide by 1 (normal operation) 

01 = Divide by 4 
10= Divide by 16 
1 1 = Divide by 64 

DFTM— Division Factor for the BRGCLK 

These bits define the BRGCLK frequency. Changing the value of the these bits will not 
result in a loss-of-lock condition. These bits are cleared by a hardware reset. The 
default value Is divide by 1 (VCO/2) which is 25 MHz in a 25-MHz system. 

00 = Divide by 1 (normal operation) 

01 = Divide by 4 
10= Divide by 16 
1 1 = Divide by 64 

INTEN— Interrupt Enable 

These bits specify if the general system clock returns to high frequency (defined by the 
DFNH bits) while the CPU32+ either has a pending Interrupt or an Interrupt routine In 
process, either of which has a level higher than INTEN2-INTEN0. To prevent Interrupts 
from causing the general system clock to automatically switch to high frequency, write 
INTEN with 111. 

RRQEN— RISC Request Enable 

This bit specifies if the general system clock returns to high frequency (defined by the 
DFNH bits) while the CPM RISC controller is not idle. 

= Remain in lower frequency (defined by DFNL) even if the RISC controller is not 

idle. 

1 = Switch to the high frequency (defined by DFNH) when the RISC controller needs 

to eyecute a roiitinA. 
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DFNL— Division Factor Lowest Frequency 

These bits are required in two cases: 1) to reduce the general system clock to a 
frequency lower than that which can be obtained In DFNH and 2) to automatically switch 
between the DFNL rate and the DFNH rate. See 6.5.5 QUICC Internal Clock Signals 
for details on how to automatically switch between the DFNH rate and the DFNL rate. 

The user may load these bits with the desired divide value, and then set the CSRC bit to 
change the frequency. Changing the value of the these bits will never cause a loss-of- 
lock condition. These bits are cleared by a hardware reset. 

000 = Divide by 2 

001 = Divide by 4 
010= Divide by 8 
Oil = Divide by 16 
100= Divide by 32 
101 = Divide by 64 
110= Reserved 
111= Divide by 256 

DFNH— Division Factor High Frequency 

Changing the value of these bits will never cause a loss-of-lock condition. These bits 
are cleared (divide by 1) by a hardware reset. The default value is divide by 1 (VCO/2), 
which is 25 MHz in a 25-MHz system. The user may write the DFNH bits at any time to 
change the general system clock rate. 

See 6.5.5 QUICC Internal Clock Signals for details on how to automatically switch 
between the DFNH rate and the DFNL rate. 

000 = Divide by 1 (normal operation of general system clock when CSRC = 0) 

001 = Divide by 2 
010= Divide by 4 
100= Divide by 16 
101 = Divide by 32 
110= Divide by 64 
111= Reserved 

CSRC— Clock Source Bit 
The CSRC bit specifies whether the general system clock is determined by the DFNH or 
the DFNL bits. Setting this bit switches the general system clock to the DFNL value (i.e., 
for entering into low-power mode). Clearing this bit switches the general system clock to 
the DFNH value. CSRC is cleared at hardware reset. 

= General system clock is determined by the DFNH value. 

1 = General system clock is determined by the DFNL value. 

6.9.3.12 BREAKPOINT ADDRESS REGISTER (BKAR). This register contains the 32-bit 
breakpoint address used In the breakpoint address match function. Its contents are only 
valid if the valid bit is set In the BKCR. BKAR is undefined at reset. 
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6.9.3.13 BREAKPOINT CONTROL REGISTER (BKCR). This register contains 
miscellaneous bits required for tlie breal<point address match function. BKCR is cleared at 
reset. 
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Bits 31-20— Reserved 

BAS — Breakpoint Acl<nowledge Support 

This bit determines whether to support the CPU32+ breakpoint acknowledge cycle by 
asserting BERR or ignore the breakpoint acknowledge cycle by allowing it to be handled 
by the external bus. 

= No act ion tak en during CPU32+ breakpoint acknowledge cycles. 

1 = Assert BERR during CPU32+ breakpoint acknowledge cycles. 

NOTE 

Do not assert this bit if the QUICC is in slave mode. 

BUSS— Bus Select 

This bit determines whether the breakpoint logic will use the 1MB value or the extemal 
bus value to detect breakpoint match. 

0= Use the 1MB. 

1 = Use the extemal bus. AO and A1 are masked from the comparison. 

NOTES 

Thi s mode is used in QUICC slave operation to assert either 
the BKPTO line for the external CPU or the internal 1MB BKPT 

1! X — •_!. 1 X. -^i _i irMkil A /e>r\ft il A ^^^^^^ lAfl^MM «Um 

line lui an iiiieiiiai'iu'iiiidiiai iu/ivirvv.>L^ivi/-» auucoo. t«iiv;ii mi«7 

external bus is used, the breakpoint line will be asserted as if 
the SIZM bit is set. 

In the case of an external MC68040 burst, only the first 
address of the burst is checked. 
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RWI-RWQ— Read/Write Selection 
Assert a breakpoint match on read cycles only, write cycles only, or on both. 

00 - Assert breakpoint on read cycles. 

01 = Assert breakpoint on write cycles. 

10 = Assert breakpoint on read or write cycles. 

11 = Reserved. 

SIZM— Size Mask 

This bit determines whether the breakpoint logic will use the SIZ bits to determine 
whether a breakpoint match has occurred. 

= Compare the size lines as programmed in the SIZ bits to determine whether a 

breakpoint match has occurred. 

NOTE 

This mode would normally be used to break on an access to a 
location that contains data. 

1 = Mask the size lines. The size of the access is not used in determining whether a 

breakpoint match has occurred. The breakpoint logic will assert the break signal 
when the address and size overlaps the programmable value. For example If the 
programmable address is xxx2, the breakpoint line for the low word will be 
asserted when the access address is xxx2 with a word size or when the address 
is xxxO with a long-word size. 

NOTE 

This mode would normally be used to break on an instruction fetch. 

SIZ1-SIZ10— Size Bits 
The breakpoint logic can cause a breakpoint match for accesses that correspond to the 
size of the access. Set the SIZM bit to disable this feature. 

NOTES 

The breakpoint logic will assert the break signal only when the 
address and size match the programmable value. For 
example, if the programmable address is xxx2 with word size, 
the breakpoint will be asserted only when the access address 
is xxx2 with word size, not when the address is xxxO with long- 
word size. 

The MA bits must be 00 for the size comparison to occur. 

00= Long Word 
01 = Byte 
10= Word 
11= 3 Byte 
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NEG— Negative Breakpoint Match 

This bit allows the breakpoint match to occur, using negative address matching logic, 
when a block address is selected. If this bit is set, the rest of the address and address 
match logic define when a breakpoint match is not to occur. The RM, size, and FC 
compare logic are not affected by the NEG bit. 

= Assert a breakpoint when the memory cycle matches the programmed values. 

1 = Assert a breakpoint when the memory cycle does not match the programmed 

block address. NEG is ignored if the MA bits are 00. 

MAI -MAO— Mask Address 
The address mask bits allow the breakpoint logic to assert the breakpoint on a memory 
block boundary. 

00 = No address bits are masked, 32 address bits are compared. 

01 = Mask address bits 10-0; the block size Is 2K. 

10 = Mask address bits 12-0; the block size is 8K. 

1 1 - Mask address bits 14-0; the block size is 32K. 

NOTE 

Using the NEG bit, the breakpoint can be asserted for 
accesses that fall into the block range or for those that fall out 
of the block range. 

AS8-AS0— Address Space Bits 
The address space field allows particular address spaces (function code combinations) 
to be masked during the breakpoint match decision. If an address space is masked, an 
access to this space will NOT assert the BKPT pin. To ignore function codes in the 
breakpoint match decision, program these bits to zero. The address space bits are: 
ASS — Mask DMA space address space (FC3-FC0 = Ixxx) 

AS7— Mask CPU space address space (FC3-FC0 = 0111) 

AS6 — Mask supervisor program address space (FC3-FC0 = 0110) 

AS5 — Mask supervisor data address space (FC3-FC0 = 0101) 

AS4 — Mask [Motorola resen/ed] address space (FC3-FC0 = 01 00) 

ASS— Mask [user resen/ed] address space (FC3-FC0 = 001 1 ) 

AS2— Mask user program address space (FC3-FC0 = 001 0) 

AS1— Mask user data address space (FC3-FC0 = 0001 ) 

ASO— Mask [Motorola reserved] address space (FC3-FC0 = 0000) 

For each address space bit: 

0= A breakpoint match can occur for this address space. 
1 = Mask this address space from the breakpoint match logic. No breakpoint match 
will occur if this address space is used on a bus access. 
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V— Valid 
This bit Indicates when the c ontent s of the breakpoint address register and breakpoint 
control register pair are valid. BKPT signal will not be asserted unless the valid bit is set. 
0= Contents not valid. 
1 = Contents valid. 



6.9.4 Port E Pin Assignment Register (PEPAR) 

The PEPAR controls the I/O pins associated with the EBI. Refer to Section 4 Bus 
Operation for more information about the E BI. Port E pins can be ind ependen tly 
programmed t o be eit her CAS3-CAS0 or IACK6 and IACK3- IACK1 ; AVEC (or AVECO) or 
IACK5; CSS or IACK7; AMUX or OE; A31-A28 or WE3-WE0. 



Until the low byte of PEPAR is written, the WE3-WE0/A31-A28 pins are three-stated. The 
PWW bit indicates whether the low byte of PEPAR was written. PEPAR may be read or 
written at any time. 



15 


14 


13 


12 


11 


10 9 


8 


— 


SINTOUT 


— 


CF1M0DE 




IPIPE1/ 
RAS1DD 




7 



6 



5 



4 



3 



2 



1 






A2S-A31 
WE3-WE0 


5E/ 
AMUX 


PWW 


CAS2. 3 
IACK3.6 


- 


CaSo. 1 

IACK1. 2 


dS7 
IACK7 




AVEC or 
(AVECOy 

iaCKs 




Bits 15, 1 1 , and 3 — Reserved 

Bits 14-12— SINTOUT 

These bits are only used in slave (disable CPU32+) mode. They are used to program 
the way the interrupt controller will assert its interrupt requests to the external logic. 

000= Reserved. 

001 = Reserved. 

010 = The QUICC interrupt request is the RQOUT outpu t function on the IRQ1 pin. 

01 1 = The QUICC Interrupt request is the IQUT2-IO UT0 outputs with the st andard 

M68000 family interrupt level encoding on the IRQ1, IRQ4, and IRQ6 pin, 
respectively. 

100 = The QUICC interrupt request Is the RQOUT outpu t function on the PRTY2 pin. 

101 = The QUICC interrupt request is the IOUT2-IOUT0 outputs with the standard 

M68000 family interrupt level encoding on the PRTY2-PRTY0 pins, 

respectively. 
110= Reserved. 
111= Reserved. 
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NOTE 

Until the low byte of PEPAR is written, the parity lines will be 
three-stated. The user should write the high byte of PEPAR at 
the same time that the low byte is written to avoid selecting a 
reserved combination of the SINTOUT bits. 

Bits 1 0-9— CF1 MODE 
These bits are used to control the C0NFIG1/BCLR0/RAS2DD pin functionality. 

00 == C0NFIG1 input pin function is chosen. 

01 = C0 NFIG1 in put pin function is chosen. 

10 = The BCLR O output function is chosen instead of the C0NFIG1 pin. 

1 1 = RAS2DD output function (RAS2 double-drive) is chosen Instead of the 

C0NFIG1 pin. 

Bit 8— TpIPET/RASTDD 




= If the OUICC is in normal mo de, the IPIPEI output function is selected. If the 

QUi CC is in s lave mode, the BCLRI input function is selected. 

1 = The RAS1DD output function (RAS1 double-drive) is selected. 

Bit 7— A31-A28/WE3-WE0 

= The A31-A28 in put/output functions are selected. 

1 = The WE3-WE0 output functions are selected. 

NOTE 



Until the low byte of PEPAR is written, the WE3-WE0/A31 -28 
pins are three-stated. 

Bite— OE/AMUX 

= The OE output function is selected. 

1 = The AMUX output function is selected. 

Bits— PWW 

This read-only bit is used to indicate if the WE/ADDR and the PRTY lines have been 
programmed by the user or are still in the three-state condition because the PEPAR 
register has not been written. 

= PEPAR has not been written. The WE/ADDR and the PRTY lines are still being 

three-stated. 

1 = PEPAR was written. The WE/ADDR and the PRTY lines have been programmed 

in the PEPAR, so the configuration choices of these pins in the PEPAR are valid. 



Bit 4— CAS2, CAS3/iACK3, IACK6 

= The CAS2 a nd CAS3 o utput functions are selected. 

1 - The IACK3 and IACK6 output functions are selected. 
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Bit 2--CAS0, CASl/iACKT, IACK2 

= The CASO a nd CAS1 o utput functions are selected. 

1 = The IACK1 and IACK2 output functions are selected. 



Bit 1— CS7/iACK7 



= The CS7 ou tput function is selected. 

1 = The IACK7 output function is selected. 

Bit 0— AVEC (AVEC0)/iACK5 

= The AVEC input function is selected in nonmal operation, or AVECO Is selected in 

slav e mode . 

1 = The IACK5 output function is selected. 

6.10 MEMORY CONTROLLER 

The memory controller is a sub-block of the SIM60 that is responsible for up to eight 
general-purpose chip-select lines and the DRAM controller. The DRAM controller itself 
can control up to eight memory banks. 

6.10.1 Memory Controller Key Features 

The key features of the memory controller are as follows: 

• All Eight Memory Banks Support the Following: 

— 32-Bit Address Decode with 17 Bits of Address Masking 

— Various Block Sizes— 2 Kbytes up to 256 Mbytes 

— From to 15 Wait States Programmable with DSACK Generation 

— Memory Bank Can Be Used by an Extemal Master 

— Supports Burst Accesses of the MC68040 

— Byte Parity Generation/Checking 

— Write-Protect Capability 

— Four Byte-Write Enable (WE) Signals 

— Output Enable (OE) Signal 

— Special Options for Interfacing to Slow Peripherals 

— Function Code Match with Mask Can Qualify Memory Bank Accesses 

• General-Purpose Chip Selects (SRAM Banks) 

— May Be Used with SRAM, EPROM, FEPROM, and Peripherals 

— Global (Boot) Chip Select Available at System Reset 

— Two-Clock Accesses to External SRAM 

— Programmable Port Size of 8, 16, and 32 Bits for Each Chip Select 
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DRAM Controller (DRAM Banks) 

— Supports up to Eight Banks of DRAM of Size 128K x X, 256K x X, 51 2K x X, 
1M X X, 2M X X. 4M X X, 8M X X or 16M X X 

— Supports a DRAM Port Size of 16 or 32 Bits 

— Internal Address Multiplexing for 16- and 32-Bit DRAM Systems Available for all 
On-Chip Bus Masters 

— Glueless Interface to One Bank of DRAM SIMMs (Only External Buffers Are 
Required for Additional SIMM Banks) 



— Four CAS Lines 



— Two of the Eight RAS Lines May Be Output on Two Pins Each for Double-Drive 
Capability 

— Page Mode with Page Switch Detection Logic 

— Page Mode Supports 128K, 256K, 51 2K, 1M, 2M, 4M, 8M, and 16M Page Banks 

— Supports Page Mode Normal, Page Hit, and Page Miss 

— Burst Support for the MC68040 Accesses to DRAM 
DRAM Controller Also Contains a Refresh Unit with: 



— CAS Before RAS Refresh Support 

— A Programmable Refresh Timer 

— Refresh Active During External Reset 

— Disable Refresh Mode 

— Stacking of up to Seven Refresh Cycles 

• DRAM Controller Also Supports External Masters 

— Supports MC68EC040 with 3,2,2,2 Line Fill (60-ns DRAMs) 

— Supports DRAM for External QUICC or MC68030-Type Accesses (Page Support 
Available in this Mode) 

— Supports DRAM Control for System Bus Containing External MC68EC040 and 
Multiple QUICCs 

— Synchronous and Asynchronous External Masters Possible 

— Special Options for External Master to Improve DRAM Performance 

6.10.2 Memory Controller Overview 

The block diagram of the QUICC memory controller Is shown In Figure 6-10. The general- 
purpose chip selects provide a glueless interface to EPROM, SRAM, flash EPROM 
(PEP ROM ) , and other peripherals. The general-purpose chip selects a-^-e available on lines 
CS0-CS7. CSO also functions as the global (boot) chip select for accessing the boot 
EPROM. The chip selects allow to 1 5 wait states. 
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Figure 6-10. Memory Controller Block Diagram 
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The flexible memory controller allows a glueless DRAM interface to single in-line memory 
modules (SIMMs) as well as a grid array of DRAMs on a board. The DRAM controller 
controls the address multiplexing, access mode, refresh operation, and t he ti ming 
generation for up to eight banks of DRAM s. The DRAM controller provides eight RAS lines 
for up to eight DRAM banks, four CAS lines and four parity (PRTY) lines (one for each 
data byte on the QUICC system bus), and a parity error signal (PERR). The DRAM 
controller also provides multiplexed address lines for on-chip bus masters and an address 
mux signal (AMUX) to support an external address muxing for external masters that wish 
to use the QUICC DRAM controller for their accesses to DRAM. The DRAM controller also 
fully supports an external MC68EC040 (or other MC68040 family variations) with the 
signals BADD2, BADD3, TA, TS, and TBI. 

Alternatively, a general-purpose chip select may be used instead of any DRAM bank. 

NOTE 

When one of the eight banks of memory is configured to 
control DRAM, it is referred to as a DRAM bank. When one of 
the eight banks of memory is configured to control standard 
memory (such as SRAM and EPROM) or a peripheral, it is 
referred to as an SRAM bank. Thus, the term "SRAM bank" is 
used to mean "non-DRAM" in this description. 

Some features are common to all eight memory banks. First, a full 32-bit address decode 
for each memory bank is possible, with 17 bits having address masking. The full 32-bit 
decode is available, even if all 32 address bits are not brought outside the QUICC. Each 
memory bank includes a variable block si ze from 2 Kbytes up to 256 Mbytes). From to 
15 wait states, may be programmed with DSACK generation. The memory bank can be 
used by an external master, including the MC68EC040, in which case burst accesses are 
also supported. Parity may be generated and checked for any memory bank (SRAM, 
DRAM, etc.). Each memory bank may be selected for read-only or read/write operation. 
Byte-write enable ( WE) signals are available for each byte that is written to memory. Also, 
an output enable (OE) signal is provided to eliminate external glue logic. Finally, the 
access to a memory bank may be restricted to only certain function codes for system 
protection. The function code comparison occurs with a mask option also. 

The memory controller functionality allows QUICC-based systems to be built very easily. 
For instance, a minim al QUICC system may require no glue lo gic as shown in Figure 6-11. 
In this example, CSO is used for the boot EPROM, and RAS1 is used for the DRAM SIMM. 
The WE signals are used to simplify the interface to the DRAM SIMM, and the OE signal is 
used to simplify the interface to the EPROM. Note that byte parity is supported in this 
configuration. 
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Figure 6-11. Minimum QUICC System Configuration 

If a larger system is required, the only additional glue logic that may be needed is external 
buffers (see Figure 6-12). In this case, a boot EPRO IVI and a fl ash EPROM are supported. 
Also, two DRAM SIMMs are supported using RAS1 and RAS2. 
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Figure 6-12. Larger QUICC System Configuration 

Each of the eight memory banks may be used by an external master such as an 
MC68EC040, MC68030, or even another QUICC. Whenever an external master accesses 
DRAM, SRAM, or a peripheral within one of the regions of the memory banks, the memory 
controller will control the access for that external master. 

If DRAM is accessed by an external master, an external multiplexer must be provided. In 
that case, the QUICC AMUX signal can be used to control the multiplexing. The DRAM 
controller supports use by an MC68EC040 and another QUICC or MC68030-type device. 
In such a case, the MC68EC040 and QUICC/iviC68030-iype device can access ths 
DRAM in different modes and at different rates. For instance, the MC68EC040 can access 
the DRAM using two-clock bursts, while an external QUICC accesses the DRAM using 
page mode with three-clock page hits, four-clock page normal, and five-clock page miss 
accesses. Thus, the MC68EC040 access to DRAM is not slowed by the presence of other 
slower masters on the system bus. In addition, the MC68EC040 is not slowed by the 
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performance of the DRAM accesses by the QUICC's internal bus masters (CPU32+, 
IDMAs, SDMAs, etc.) All accesses may occur at different rates, with the MC68EC040 
parameters being programmed Independently and the external QUICC/MC68030-type 
master being up to one wait state slower than the QUICC's internal bus masters. The 
external master may be either synchronous or asynchronous with respect to the QUICC 
system clock, with the exception of the l\/IC68EC040, which must always be synchronous 
with respect to the QUICC system clock. Thus, if a 25-MHz QUICC is used, a 25-MHz 
MC68EC040 should also be used. 

if an extemal MC68040 master does not use the memory controller at all, then the QUICC 
can operate asynchronously to the MC68040, but the QUICC MC68040 companion mode 
signals cannot be used, and the MC68040 bus signals must be converted to MC68030- 
type bus signals before the MC68040 accesses the QUICC's internal RAM and 
peripherals. 

6.11 GENERAL-PURPOSE CHIP-SELECT OVERVIEW (SRAM BANKS) 

Any memory bank that Is not used t o control DRAM may be used as a general-purpose 
chip select, including pins CS0-CS7. This bank is called an SRAM bank. These pins may 
be used to support external memory such as SRAM, EPROM, flash EPROM, EEPROM, 
and peripherals. 

The SRAM banks also have some unique features not available In the DRAM banks. First, 
upon system reset, a global (boot) chip select is available. This provides a boot ROM chip 
select before the system is fully configured. Second, the SRAM banks offer two-clock 
accesses to external SRAM. Finally, each SRAM bank supp orts a ch oice of the port size 
of its memory or peripheral to be 8, 16, or 32 bits with proper DSACK generation for those 
port sizes. Thus, an 8-bit EPROM may be used with a 32-bit SRAM, etc. 

6.1 1 .1 Associated Registers 

The general-purpose chip selects are controlled by the global memory register (GMR) and 
the memory controller status register (MSTAT). There is one GMR and MSTAT in the 
memory controller. Additionally, each SRAM bank has a base register (BR) and an option 
register (OR). 

The GMR Is used to control global parameters for both SRAM and DRAM banks. 

The MSTAT reports write protect violations and parity errors for both SRAM and DRAM 
banks. 

The BR and the OR for each of the general-purpose chip selects program most of the 
features. The BR contains a valid (V) bit to indicate that the register information for that 
chip select is valid. 
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6.11.2 8-, 16-, and 32-Bit Port Size Configuration 

The general-purpose chip selects support dynamic bus sizing. Defined 8-bit ports are 
accessible on both odd and even addresses when connected to data bus bits 31-24; 
defined 16-bit ports can be accessed as odd bytes, even bytes, or even words when 
connected to data bus bits 31-16; and defined 32-bit ports can be accessed as odd bytes, 
even bytes, odd words, and even words or long words on long-word boundaries. The port 
size is specified by the PS bits in the OR. 

6.1 1 .3 Write Protect Configuration 

The WP bit in each BR can restrict write access to its range of addresses. Any attempt to 
write this area will result in the WPER bit being set In the MSTAT. 

6.11.4 Programmable Wait State Configuration 

The general-purpose chip selects support Internal DSACKx generation. They allow fast 
two-clock accesses to external memory by an internal bus master; from zero-wait-state 
accesses (3 clocks) up to 14-wait-state accesses (17 clocks) are allowed for intemai bus 
masters. For external bus masters, two-clock accesses are not allowed, but 14 wait states 
may be programmed. Additionally, If the EMWS bit Is set In the GMR, the chip selects can 
provide one additional wait state for external masters, giving up to 15 wait states by the 
chip selects. This is programmed using the TCYC bits in the OR. 

6.11.5 Address and Address Space Clieclcing 

The defined base address is written to the BR. The address mask bits for that address are 
written to the OR. The function code access value. If desired, is written to FC bits in the 
BR. The FCM bits In the OR may be used to mask this selection. If the address space 
(function code) checking is not desired, program the FCM bits to zero. Also, the chip 
select can be configured not to assert during CPU space (i.e., Interrupt acknowledge) 
cycles that have a function code value 0111. This option is decided with the NCS bit in the 
GMR. 

6.1 1.6 SRAI\/iBanl( Parity 

Parity can be configured for any SRAI\/I bank. Parity is generated and checked on a per- 
byte basis using PRTY3-PRTY0 if the PAREN bit Is set in the BR. The OPAR bit In the 
GMR determines the type of parity (odd or even), and the PBEE bit in the GMR 
determines if an internal maste r should generate an error as a result of a parity error. Any 
parity error activates the PERR pin until the associated PERx bit in the MSTAT is cleared. 

NOTE 

Asynchronous external masters do not have parity support. 

6.1 1 .7 External Master Support 

The SRAM banks support the internal bus masters, such as the CPU32+, IDMAs, and 
SDMAs, as well as external bus masters, such as the QUICC, MC68030, or MC68EC040. 
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In the case of an external master, an additional wait state may be programmed into the 
SRAM bank to compensate for the additional decoding time. This capability is 
programmed in the EMWS bit of the GMR. 

The MC68EC040 must always be synchronous to the QUICC clock. The SRAM bank 
supports bursting b y the MC68EC0 40 if the BACK40 bit in the BR is set. During this 
access, CS, PRTYx, PERR, DSACK/Ta/TBI, and BADDR3-BADDR2 are all valid signals. 
The SRAM bank waits for the MC68EC040 TS line to be asserted before starting any 
MC68EC040 access. Burst (line fill) transfers are also supported. 

The chip-select logic supports MC68030/QUICC e xternal m asters in two modes, in the 
asynchronous mode, the logic asserts the CS and DSACK lines as soon as an address 
match is detected from the external master. The chip select in this mode is waitin g for the 
external master's AS line to be asserted. In the synchronous mode, the CS and DSACK 
assertion and negation timings are synchronous. The synchronous mode is programmed 
in the SYNC bit of the GMR. 

When more wait states are programmed Into the TCYC bits of the OR, the external AS (or 
TS line) is synchronized internally. 

The BADDR3-BADDR2 signals equal the A3-A2 signals when a burst Is not In progress. 
This configuration allows a non-bursting master to access the same memory as a bursting 
external master by using the BADDR3-BADDR2 signals. 

6.1 1 .8 Global (Boot) Chip-Select Operation 

Global (boot) chip-select operation allows address decoding for a boot ROM before 
system initialization occurs. CSO is the global chip-select output. Its operation differs from 
the other external chip-select outputs follo wing a system reset. When the CPU32+ begins 
accessing memory after a system reset, CSO is asserted for every address, unless the 
MBAR is accessed or an internal peripheral on the 1MB is accessed. 

The global chip select provides a programmable port size at system reset using the 
CONFIG pins. This capability allows a boot ROM to be located anywhere in the address 
space (with up to 14 wait states), while still providing the stack pointer and program 
counter values at $00000000 and $00000004, respectively. The gl obal chip select does 
not provide write protection and resp onds to all function codes. CSO operates In this 
manner until the first write to the CSO option register (ORO). CSO can be programmed to 
continue decoding a range of addresses after this write, provided the desired address 
range is first loaded into base register 0. After the first write to the ORO, the global chip 
select can only be restarted with a system reset. 

6.11.9 SRAM Bus Error 




The BERR signal may be asserted by the SRAM controller in the case of a parity error or 
by the bus monitor of the SIM60 as a result of a write-protect violation. In addition, if the 
BERR signal is asserted externally, it should not be asserted until at least S2 of the bus 
cycle. 
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6.12 DRAM CONTROLLER OVERVIEW (DRAM BANKS) 

The DRAM controller supports a glueless interface to 16-bit (18 bit with parity) or 32-bit 
(36 bit with parity) DRAM or DRAM SIMMs from an internal QUICC master (CPU32+, 
IDMAs, SDMAs). Many different DRAM bank sizes are supported: 128K, 256K, 51 2K, 1M, 
2M, 4M, 8M, and 16M; thus, DRAMs such as 128K x 8, and 16M x 4 are supported. The 
DRAM controller performs the address multiplexing for internal masters using the low- 
order address lines. 

Table 6-7 lists the physical address lines of the DRAM (row and column). In the case of a 
16-bit DRAM port size with a 51 2K DRAM device (e.g., two 512K x 8 devices for a total of 
16 bits wide), the row address to the DRAM bank will be A19-A10, and the column 
address to the DRAM bank will be AO-AI . However, these signals will be internally 
multiplexed on the A10-A1 pins; thus, the user should connect A10-A1 to the address 
pins on each 51 2K DRAM device. 








Table 6-7. Address Multiplexing 






DRAM Size 


Address Lines (32-Bit Port) 


Address Lines (16-Blt Port) 


Physical Address 


DRAM Address 


Physical Address 


DRAM Address 


Column 


Row 


Column 


ROW 


128K 


A2-9 


A10-18 


A2-10 


A1-« 


A9-17 


A1-9 


256K 


A2-10 


All-19 


A2-10 


A1-9 


A10-18 


A1-9 


51 2K 


A2-10 


A11-20 


A2-11 


A1-9 


A10-19 


A1-10 


1M 


A2-11 


A12-21 


A2-11 


A1-10 


A11-20 


A1-10 


2M 


A2-11 


A12-22 


A2-12 


A1-10 


A11-21 


A1-11 


4M 


A2-12 


A13-23 


A2-12 


A1-11 


A12-22 


A1-11 


8M 


A2-12 


A13-24 


A2-13 


A1-11 


A12-23 


A1-12 


16M 


A2-13 


A14-25 


A2-13 


A1-12 


A13-24 


A1-12 



When there are external masters on the system bus, an external multiplexer should be 
used for the DRAM banks that are accessed by the external masters. The DRAM 
controller provides this timing with the AMUX line. 

The DRAM controller supports byte-level parity for any DRAM bank. 



The DRAM controller supports CAS-before-RAS refresh cycles. The refresh cycles are 
timed using a dedicated refresh timer. The refresh operation can be disabled. 

Ths DRAM ccntrcller supports normal access mode and several fast access modes: 

• Normal Access Mode. In this mode, each access to DRAM is handled independently 
using conventional DRAM timing. 

• Page Mode. In this mode, the DRAM controller first establishes a constant row 
address, and then strobes a series of column addresses into the DRAM. The DRAM 
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controller strobes both a row and a column address into the DRAM on the first 
access, but from that point on, it strobes only column addresses Into th e DRA M 
during acces s perio ds to the same DRAM page. After each access, the CAS signal is 
negated. The IRAS line remains asserted until a different DRAM bank is accessed. 

NOTE 

This mode is not supported for external MC68040 masters. 

• Burst Mode. In this mode, the DRAM controller detects the MC68EC040 line transfer 
and strobes both a row and a column address Into the DRAM on the first access, but 
from that point on, it strobes only column addresses into the DRAM. For this access, 
the DRAMC intemally generates address lines 2 and 3 on the BADD3-BADD2 pins. 

NOTE 

Burst mode is supported for the MC68EC040 only. 

During all DRAM accesses, RAS, CAS, R/W and DSACK/TA are valid signals. The 
following paragraphs detail the operation of each DRAM controller access type. 

6.12.1 DRAM Normal Access Support 




When accessing a DRAM, the DRAM controller uses the RAS and CAS pins. When an 
access to a DRAM memory banl< is made, a normal cycle occurs when DSSEL = 1 In the 
OR, PGME = In the OR, and BACK40 = In the BR. The timing of the cycle Is 
programmable using the TCYC bits in the OR. 

A normal DRAM access c an als o be made by an external MC68EC040. In this case, the 
WBT40 bit determines the RAS precharge time, and the TSS40 bit determines how TS Is 
sampled. 

A normal DRAM access can also b e made by an external MC68030/QUICC. In this case, 
the WBTQ bit determines the RAS precharge time. 

The DRAM controller initiates a transaction by driving the row address on the low address 
lines. After the value on the address pins is the full address, the DRAM controller asserts 
RAS. One clocl< phase later, the column address is driven on the low a ddress lines as 
defined by the programmed DRAM size, and a clock phase later, the CAS signal is 
asserted. If the cycle is a write transfer, then data is output at that point. The DRAM 
controller then waits for the expiration of the TCYC length attribute and completes the 
cycle. The next cycle will begin only after the value programmed In the WBTQ field 
expires. 



The assertion of RAS can be delayed by one clock phase to relax the address to RAS 
timing by setting the TRL XQ b it in the BR. When this bit Is set the column address is 
driven one clock later, and CAS is delayed by one clock (see Figure 6-16). 

The DRAM controller may also generate and check four parity lines (PRTY3-PRTY0). The 
parity can be either odd or even as programmed with the OPAR bit in the GMR. During 
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write cycles, the DRAM controller generates the parity on the four parity lines. During a 
read cycle, the DRAM controller checks the parity. If t he PAR EN bit In the BR is set when 
a parity error occurs, the DRAM controller asserts the PERR lin e and s ets the PERx bit in 
the MSTAT. For internal cycles, the DRAM controller will assert BERR when a parity error 
occurs and the PBEE bit in the GMR is set. 

NOTE 

Read-modify-write cycles may be performed using the DRAM 
controller. These are implemented as a read cycle followed by 
a write cycle. Some DRAMs offer a special read-modify-write 
access using special timing. This access timing is not 
supported by the QUICC's DRAM controller. 

6.12.2 DRAM Page Mode Support 

The DRAM banks supports a page mode memory access to DRAMs for the internal 
masters and for an external QUICC/MC68030-type master. A memory bank is configured 
to page mode If its DSSEL arid PGME bits in the OR are set. 

Many DRAMs support a page mode operation that reduces access time if multiple 
accesses are perform ed w ithin the same page. In this mode, the DRAM controller 
continues to assert the RAS signal of the DRAM bank. This RAS signal will remain active 
until another DRAM bank Is accessed. The page size is determined by the PGS bits in the 
GMR. 

If a different bank of DRAM is accessed, followed by an access t o a DR AM bank on which 
page mode is selected, then t he DR AM controller negates the RAS signal to the other 
bank and asserts the particular RAS line for the page mode bank, followed by the rest of 
the DRAM access. This is called a page mode normal cycle. 

On each access to a DRAM bank In which the page mode is enabled and the previous 
DRAM cycle was to that bank, the address of the last access to this bank is compared to 
the current address. If the two addresses fall within the same page, t hen th e access cycle 
begins immediately with the assertion of the column address and CAS signal. This is 
called a page hit. 

In case of a page miss (th e add ress of the last access and current address do not fall 
within the same page), the RAS signal must be negated and held high for a period that 
matches the value programmed in the WBTQ control field of the current DRAM region, 
and then a full cycle (in cludin g row and column phases) is executed. This is the slowest 
DRAM access since the RAS signal must first be negated, followed by the precharge time. 

Since It is aifflcult to predict the performance impact of page mode, the user may wish to 
try the application software with and without page mode enabled, and compare the 
results. The ability to concentrate the code/data accesses Into the same page of the 
DRAM is central to achieving a performance improvement. 
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Some systems will need an additional wait state to perform write cycles during a page hit. 
To gain a wait state, set the delay write cycle for the QUICC DWQ bit in the GMR of the 
DRAM bank. 

NOTES 

Page mode is supported only for the Internal QUICC cycles or 
external MC68030/QUICC cycles. 

if any two DRAM banks overlap each other in their address 
space, page mode must not be selected for either of those 
banks. 

6.12.3 DRAM Burst Access Support 

The DRAM controller supports burst accesses made by an extemal MC68EC040 (or other 
MC68040 family member) if the BACK40 bit is set in the BR. The MC68EC040 requests a 
burst to be performed with a line-fill indication on the SIZx pins (SIZ = 11) a nd th^JTx 
pins. In this case, the DRAM controller performs a normal access (RAS and C AS), 
followed by requests to the DRAM for the next three sequential long-word operands (CAS 
only). The DRAM controller automatically increments the addresses to the DRAM using 
the BADDR3-BADDR2 pins. 

Some systems will need an additional wait state to perform write cycles during DRAM 
accesses. To gain a wait state, set the delay write cycle for MC68EC040 (DW40) bit in the 
GMR. Also, the length of an MC68EC040 burst cycle can be distinguished from the length 
of the initial access with the BCYC bits of the OR. 

6.12.4 DRAM Bank Parity 

Parity can be configured for any DRAM bank. Parity is generated and checked on a per- 
byte basis using PRTY3-PRTY0 If the PAREN bit is set in the BR. The OPAR bit in the 
GMR determines the type of parity (odd or even), and the PBEE bit in the GMR 
detemiines if an internal maste r should generate an error as a result of a parity error. Any 
parity error activates the PERR pin until the associated PERx bit in the MSTAT is cleared. 

NOTE 

Asynchronous extemal masters do not have parity support. 

6.12.5 Refresh Operation 




The DRAM controller supports CAS-before- RAS r efresh cycle s. The refresh cycles are 
timed using a dedicated refresh timer. In the CAS-before-RAS method, the DRAMs have 
an internal refresh row address counter, so row addresses need not be supplied by the 
DRAM controller. These DRAMs recognize the assertion of CAS before the assertion of 
RAS and perfomi the refresh using their internal refresh row address value. 

Each time the refresh timer expires, the DRAMC performs a refresh cycle. At the first 
opportunity after acquiring bus mastership, the DRAM controller requests the bus with the 
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highest bus arbitration priority level (level 8). In addition, It asserts the BCLRO signal to 
minimize the delay before the refresh cycle begins, assuming the external bus master 
recognizes this signal and clears Itself off the bus. Once the DRAI\/I controller obtains the 
bus, it performs a refresh bus cycle to the DRAM bank. 

if more than one bank of DRAM exists in the system, the user should program the refresh 
controller to request the bus more often (N times as often, where N is the number of 
banks). For Instance, typical DRAMs require a refresh every 15.6 \is. If 2 banks of DRAM 
exist in the system, the DRAM controller should be programmed to refresh every 7.8 \is. 
In th e two bank case, the DRAM controller will alternate between the banks, using the 
CAS-before-RAS technique on each bank every 7.8 ^s. 

The DRAM controller will automatically stack up to seven refresh requests before 
receiving the bus mastership. Once it receives the bus, it will perform all stacked cycles 
(up to seven), as sequential, back-to-back refresh bus cycles. 

Refresh cycles are executed only when the RFEN bit in the GMR Is set. The refresh cycle 
length (three to six clocks) Is programmed by the RCYC bits In the GMR. The time 
between refreshes Is programmed In the RCNT bits in the GMR (see 6.13.1 Global 
Memory Register (GMR)). 

NOTE 

DRAM banks normally need eight read cycles and some delay 
time after a power-on reset. After enabling the DRAM bank, the 
user can either perform the reads in software or wait for the 
DRAM refresh controller to perform these reads. 

6.12.6 DRAM Bank External Master Support 

The DRAM controller supports an external MC68EC040 as well as external MC68030- 
type masters, including an external QUICC. 

Whenever an external master is supported, external address multiplexing must be 
provided by the user. The DRAM controller controls the multiplexing with the AMUX pin. 
On a normal access, AMUX defaults high, and the upper address lines (row) should be 
multiplexed to the DRAM first. After the external master outputs the full address, it asserts 
the AS/T^ signal to the QUICC. The DRAM controller then performs the address 
comparison, d etect s that the access is to one of i ts DR AM banks, and issues the 
corresponding RAS signal. After the assertion of the RAS signal, the DRA M co ntroller 
continues the acces s and nega tes the AMUX signal, controls the CAS and RAS timing, 
and generates the DSACK/TA signals to terminate the access. Refer to Section 9 
Applications for a description of an external master system. 

NOTE 

To support the MC68030 cac he fill operations, the DRAM 
controller asserts all four CAS signals during every QUICC/ 
MC68030-type external master read cycle to a DRAM bank. 
(This includes byte or word reads by the MC68030.) 
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The DRAM controller supports the MC68EC040 In an optimized way. The DRAM 
controller supports burst accesses made by an external MC68EC040 (or other M68040 
family member) if the BACK40 bit is set in the BR. The MC68EC040 requests a burst to 
be perfomied with a line-fill indication on the SI Zx (SI Z = 11) an d TTx pins. In this case, 
the DRAM controller performs a normal access (RAS and CAS), follo wed by requests to 
the DRAM for the next three sequential long-word operands (CAS only). The DRAM 
controller automatically increments the addresses to the DRAM using the BADDR3- 
BADDR2 pins. 

6.12.7 Double-Drive RAS Lines 



RAS1 and RA S2 hav e a specia l capability. To increase the available drive strength of 
these pins, the RAS1 an d RAS2 si gnal s may be output simultaneously on two pins each. 
Th e extr a signals, called RAS1DD and RAS2DD, increase the effective drive strength of 
the RAS signals. This selection Is made in the PEPAR. 

6.12.8 DRAI\4 Bus Error 



The BERR signal may be asserted by the DRAM controller in the case of a parity error or 
by the bus monitor of the SIM60 as a result of a write-protect violation. In addition, if the 
BERR signal is asserted externally. It should not be asserted until at least 82 of the bus 
cycle if TSS = in the GMR, and until at least 84 of the bus cycle if T88 = 1 In the GMR. 




6.13 PROGRAMIVIING IVIODEL 

The user Interfaces with the memory controller using eight Identical sets of two registers, 
the BR and OR. There are also two global registers in the memory controller: the GMR 
and the M8TAT. 

6.13.1 Giobai l\/!emory Register (GMR) 

The 32-bit read-write GMR contains selections that are common to the entire memory 
controller: DRAM refresh properties, DRAM bank properties, SRAM bank properties, and 
some global SRAM/DRAM properties. The reserved bits (4-0) should be written with zero. 
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30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


RCNT7 


RCNT6 


RCNT5 


RCNT4 


RCNT3 


RCNT2 


RCNT1 


RCNTO 


RFEN 


RCYC1 


RCYCO 


PGS2 


PGS1 


PGSO 


DPS1 


DPSO 



15 14 



13 



12 



11 



10 



9 



8 




7 



6 



5 



4 



3 



2 



1 






WBT40 


WBTQ 


SYNC 


EMWS 


OPAR 


PBEE 


7SS40 


NCS 


DWQ 


OW40 


GAMX 


- 


- 


- 


- 


- 





CPU SPACE ONLY 



The following bits are used for DRAM refresh properties. 
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RCNT7~RCNT0— Refresh Counter Period 
These bits determine the refresh period according to the following equation: 



Refresh period = 



RFCNT 



System cIk/1 6 




Example: For a 25-MHz system clocl< and a required refresh rate of 15.6 |iS per row, the 
RFCNT value should be 24 (decimal). 24/(25 MHz/16) = 15.36 \is, which is less than the 
required refresh period of 15.6 [is. 

RFEN— Refresh Enable 

= DRAM refresh is disabled. 

1 = DRAM refresh is enabled. 

RCYC1-RCYC0— Refresh Cycle Length 
These bits determine the length of a refresh cycle. 



00 = The refresh cycle is 3 clocks long, and RAS is negated for 3 phases prior to 

being asserted. 

01 = The refresh cycle is 4 clocks long, and RAS is negated for 5 phases prior to 

being asserted. 

10 = The refresh cycle is 5 clocks long, and RAS is negated for 5 phases prior to 

being asserted. 

11 = The refresh cycle is 6 clocks long, and RAS is negated for 5 phases prior to 

being asserted. 

The following bits are used for DRAM bank properties: 

PGS2-PGS0— Page Size 

This attribute determines the page size for the DRAM controller (see Table 6-8). The 
page size is the smallest DRAM size the user needs to support with page mode 
capability. 

Table 6-8. DRAM Page Size 



PGS2-PGS0 


ResuK 


000 


128K 


001 


256K 


010 


51 2K 


oil 


1M 


100 


2M 


101 


4M 


110 


8M 


111 


16M 
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For instance, PGS = 001 (256K) should be used for a 32-bit-wlde memory composed of 
four 256K x 8 devices, a 16-bit-wide memory composed of two 256K x 8 devices, or 
sixteen 256K x 1 devices. In all cases, the width of the DRAMs is irrelevant. 

DPS1-DPS0— DRAIVI Port Size 

This attribute determines the DRA M bank port size (see Table 6-9). The DRAM 
controller asserts the appropriate DSACKx lines according to these bits. If an 
MC68EC040 access is performed using this DRAM bank a nd PS = 00 or 01 , the DRAM 
controller operates the same way, but asserts TA instead of DSACK. 

Table 6-9. DRAM Port Size 



DPSI-DPSO 


Result 


00 


DRAM Port Size Is 32 Bits 


01 


DRAM Port Size Is 16 Bits 


10 


Reserved 


11 




External OSACKx Support 



NOTES 

The internal DRAM address multiplexer and the page logic 
support only a port size of 32 bits or 16 bits. An 8-bit DRAM 
port size is not allowed. 



The DRAM controller does not support an external DSACKx 
response for a ba nk on which page mode Is used. Also, an 
external DSACK response may not occur before RAS is 
asserted. 

The DRAM controller does not support an external TA 
response for the MC68040 burst mode. Also, for non- burst 
MC68040 cycles, TA cannot be externally asserted before RAS 
is asserted. 




WBT40— Wait Between Transfers (MC68EC040) 

This attribute guarantees a minimum negation time for RAS when the QUICC D RAM 
controller is used by an external MC68EC040 master. It Is used to comply with the RAS 
precharge time in DRAMs. 
The user would normally decide whether to set the TSS40 bit before setting this bit. 

= RAS is negated for 4 phases of the QUICC system clock (3 phases if 

TSS40 = 1). 

1 = RAS Is negated for 6 phases (5 phases if TSS40 = 1). 
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NOTE 

TSS40 affects the WBT40 value in order to gain bacl< one of 
the two phases that was lost by setting TSS40 = 1 . This "gain 
bacj^" only applies to bacl<-to-back DRAM cycles. 



WBTQ— Wait Between Transfers (QUICC-Type) 




This attribute guarantees a minimum negation time for RAS when the QUICC DRAM 
controller is used by one of the internal masters or by an external master o f the 
MC68030-type (includes an external QUICC). It is used to comply with the RAS 
precharge time in DRAMs. 

= RAS Is negated for 4 phases (3 phases In page mode — PGME = 1). 

1 = RAS is negated for 6 phases (5 phases In page mode — PGME = 1). 

DWQ— Delay Write for QUICC (DRAM Bank Only) 
This attribute is used to add a clock to the assertion and negation of the CAS signal on 
DRAM page hit write cycles. The write cycle lasts one additional clock in this case. This 
attribute is applicable to an internal QUICC master and to an external MC68030/QUICC. 

= Reads and writes are the same length. 

1 = Add one clock to write cycles for all DRAM banks. 

NOTE 

This bit must be set by the user if page mode is enabled for 
this DRAM bank (PGME = 1), or else the DRAM may latch 
invalid data during writes. 

The following bits are used for SRAM bank properties: 

DW40— Delay Write for 040 (SRAM Bank Only) 

This attribute should be set if an additional wait state is necessary for SRAM write 
cycles. This attribute is applicable only to an external MC68040 writing to a non-DRAM 
bank. 

0= Reads and writes are the same length. 

1 = Insert one additional wait state to MC68040 write cycles to SRAM banks. 

EMWS— Extemal Master Wait State (SRAM Bank Only) 
This attribute should be set if an additional wait state is necessary when an 
asynchronous external MC68030-type device or external QUICC is accessing SRAM 
banks (see Table 6-10). This bit is only used if SYNC = 0. 

= Normal operation. 

1 = Insert one additional wait state for external QUICC/MC68030-type masters on 

their accesses to all SRAM banks. 
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Table 6-10. External MC68030-Type Cycle Length 
(SRAM Bank In Asynchronous Operation) 



TCYC» 


External OUICC/MC68030-Type Bus Cycle Length 


Synchronous Bus Timing 
(BSTM = 1) 


Asynchronous Bus Timing 
(BSTIM = 0) 


EMWS > 


EMWS - 1 


EMWS s 


EMWS « 1 





3 


3 


3 


3 


1 


3 


4 


3 


5 


2 


4 


5 


5 


6 


3 


5 


6 


6 


7 


4 


6 


7 


7 


8 


5 


7 


8 


8 


9 


6 


8 


9 


9 


10 


... 










15 


17 


18 


18 


19 




NOTE: The BSTM bit is located in the MCR of the SIM60. 



The following bits are used for both DRAM and SRAM memory: 

SYNC— Synchronous External Access MC68030-Type 

This attribute applies only to an external MC68030-type device or external QUICC that 
uses the on-chip memory controller. It determines how the memory controller will assert 
its signals In response to what it sees from the external master. 

= Asynchronous operation of the memory controller (external MC68030-type 

master only). 

When the SRAM controller is used, CS and DSACK assertion and negation timings are 
asynchronous. They are asserted and negated in relation to the external master's AS 
line. The CSNTQ and the TRLXQ attributes are ignored. When EMWS is set, one wait 
state Is added to the programmed TCYC. 

When the DRAM controller is used, CAS and DSACK are negated asynchronously with 
the negation of the external master's AS. 

NOTE 



The DRAM controller's assertion of RAS and CAS is always 
synchronous to the QUICC clock. When asynchronous 
external masters are using the DRAM controller, the BSTM bit 
in the MCR should be cleared. 

1 = Synchronous operation of the memory controller (external MC68030-type 

master only). 

When the SRAM controller is used, CS and DSACK assertion and negation timings are 
synchronous. The CSNTQ and the TRLXQ attributes may be set as desired. 

When the DRAM controller is used, CAS and DSACK are negated synchronously to the 
QUICC clock. 
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Only when the SYNC bit is set, is parity support possible for an external MC68030-type 
master. 

Table 6-1 1 summarizes the effects of the various combinations of the SYNC bit in the 
GMR and the BSTM bit in the MCR. 

Table 6-11. SYNC-BSTM Bit Combination Summary 
(l\/IC68030-Type Externai l\/laster) 




SYNC-BSTM 


Result 


00 


MC68030-type master and QUICC can be asynchronous. Lowest perfonnance, since 
the external 7S signal is synchronized prior to being used. Parity support is not 
available. 


01 


External MC68030-type master is running synchronously with the QUICC. and the user 
desires to make extemai-to-extemai SRAM accesses as fast as possible. The CSNTQ 
and TRLXQ attributes may not be used. Does not affect DIRAM performance. Parity 
support is not available. 


10 


Do not use. 


11 


Not as fast as case 01 , but CSNTQ and TRLXQ attributes may be used. Parity support 
is available. 



OPAR— Odd Parity 
This attribute is used to program odd or even parity, it may also be used to generate 
parity errors for testing purposes by writing the DRAM/SRAi\1 with OPAR = 1 and 
reading the DRAM/SRAM with OPAR = 0. 
0= Even parity 
1 = Odd parity 

PBEE— Parity Bus Error Enable 
This attribute Is used to enable an internal bus error if a parity error Is detecte d, it is 
applicable only when the QUICC is the bus master; it is ignored otherwise. The BERR 
signal will be internally asserted on the memory read cycle. 

= Disable internal bus error. 

1 = Enable internal bus error. 

NOTE 

Using the internal bus error requires a longer data setup time 
for read cycles. 

TSS40—TS Sample (MC68EC040) 
This attribute is used to control the MC68EC040 cycles. When the l\/IC68EC040 
address to clock setup timing does not meet the memory controller decoding time, the 
memory controller m ay sa mple 7s with a one-ciock-phase delay. This will delay the 
assertion of the CS or RAS in the MC68EC040 memory cycle by one clock phase. It will 
delay the rest of the bus cycle by one clock. TRLXQ is ignored when this bit is set. 
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NOTE 

In general, the user determines whether this bit must be set 
before to selecting the WBT40 and TCYC bits. 

0= Do not sample TS. 

1 = Sample TS prior to using it. 

NCS— No CPU Space 



This attribute specifies whether the CS/RAS signal will assert on a CPU space access 
cycle. If both supervisor data and program accesses are desired, while ignoring CPU 
space accesses, then this bit should be set. (Note that an interrupt acknowledge cycle is 
a CPU space access, but a user or supen/isor read/write cycle Is not.) A CPU space 
access has the function code value 01 1 1 . 

= Suppr ess CS/R AS on CPU space accesses (default). 

1 = Assert CS/RAS on CPU space accesses. 

GAMX— Global Address Mux Enable 
This attribute determines whether the QUICC will provide internal address multiplexing 
for DRAM banks. If not, the address multiplexing must be provided externally, with the 
QUICC's AMUX pin being used to control the multiplexers. AMUX is high to signify the 
row, low to signify the column address, and then negated (high) at the end of the DRAM 
bus cycle. 

There are two situations in which the user may wish to provide address multiplexing 
externally. First, external multiplexers are required when an external master exists in the 
system and that external master needs to access the DRAM. Second, using external 
address multiplexing causes the clock to address valid timing as slightly accelerated, 
which may be beneficial in certain high-performance situations. 

= Disable intemal address multiplexing for all DRAM banks. 

1 = Enable intemal address multiplexing for all DRAM banks. 

Bits 4-0 — Resen/ed 

6.13.2 Memory Controller Status Register (MSTAT) 

The MSTAT register reports memory controller error information to the user. These bits 
are set, regardless of whether an internal or external master originated the cycle. Bits are 
reset by writing a one to that bit; writing a zero has no effect. The register may be read at 
any time and is cleared by reset. No interrupts are generated from this register; however, 
an interna l maste r may generate a bus error as a result of this register, and for parity 
errors, the PERR pin may be externally connected to an Interrupt input. 
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WPER 


PER8 


PER7 


PER6 


PER5 


PER4 


PER3 


PER2 


PERI 



Bits 15-9— Reserved 



MOTOROLA 



MC68360 USER'S MANUAL 



6-71 



WPER— Write Protect Error 



This bit is asserted when a write protect error occurs. A bus mon itor (BERR assertion) 
will (if enabled) prompt the user to read th is regis ter if no DSACK is provided on a write 
cycle. The accessed address will be in the BERR exception descriptor. WPER is cleared 
by writing one to this bit or by performing a system reset. Writing a zero has no effect on 
WPER. 




PERx— Parity Error 

These bits indicate that a parity error was detected when reading from bank N. BERR is 
internally asserted if PBEE in the GIV1R is set and if an internal master performs this 
cycle. The PERR signal is continuously asserted until all PERx bits are cleared. PERx is 
cleared by writing one or by performing a system reset. Writing a zero has no effect on 
PERx. 

NOTE 

If external masters of the MC68030-type (including QUICCs) 
are chosen to be asynchronous (configured by clearing the 
SYNC bit in the GMR), then they have no parity support. 



6.13.3 Base Register (BR) 

This register is used for both DRAM and SRAM banks. Most bits are valid for both the 
DRAM and SRAM banks, but some bits are only valid for SRAM banks. This register is a 
32-bit read-write register that may be accessed at any time. 
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BA15 


BA14 


BA13 


BA12 


BA11 


FC3 


FC2 


FC1 


FCO 


TRLXQ 


BACK40 


CSNT40 


CSNTQ 


PAREN 


WP 


V 



V— Valid Bit 



This bit Indicates that the contents of the BR and OR pair are valid. The CS/RAS signal 
will not assert until the V-bit is set. 



NOTE 

An access to a region that has no V-bit set may cause a bus 
monitor timeout. 

= This DRAM/SRAM bank is invalid. 

1 = This DRAM/SRAM bank is valid. 

NOTE 

Following a system reset, the V-bit is set in BRO if the global 
chip select is enabled. See the CONFIG pins for more details. 



6-72 



MC68360 USER'S MANUAL 



MOTOROU 



WP— Write Protection 
This bit can restrict write accesses within the address range of a BR. An attempt t o write 
to the range of addresses specified in a BR that has this bit set can cause the BERR 
signal to be asserted by the bus monitor logic (if enabled), causing termination of this 
cycle. 

= Both read and write accesses are allo wed. 

1 = Only read accesses are allowed. The RAS/CS signal, TA, and DSACK will not be 

asserted by the QUICC on write cycles to this memory bank. WPER will be set in 
the MSTAT register if a write to this memory bank is attempted. 

PAREN— Parity Checking Enable 
This bit Is used to enable checking of parity on either an SRAM or DRAM bank. 
= Parity checking is disabled. 



1 = Parity checking is enabled. 



NOTE 



Parity checking is not possible for asynchronous external 
masters. 

CSNTQ— OS Negate Timing QUICC (SRAM Bank Only) 

This bit is used to determine when CS is negated during an Internal QUICC or external 
QUICC/MC68030-type bus master write cycle. This is helpful to meet address/data hold 
time requirements for slow memories and peripherals (see Figures 6-13 and 6-14). 

= CS is negated normally (as late as possible). 

1 = CS is negated one phase earlier, but the cycle length Is not affected. 

CSNT40— CS Negate Timing MC68EC040 (SRAM Bank Only) 

This bit is used to determine when CS is negated during an MC68EC040 write cycle. 
This is helpful to meet address/data hold time requirements (see Figure 6-15). 

= CS is negated normally (as late as possible). 

1 = CS is negated one phase earlier, but the cycle length is not affected. 

BACK40— Burst Acknowledge MC68EC040 
This bit is used to acknowledge a burst cycle to the MC68040. If set, bursts are enabled 
in this bank. The QUICC generates address lines 2,3 on the BADDR3-BADDR2 pins. 

0= Do not acknowledge burst. 

1 = Acknowledge burst; MC68040 bursts are handled by the memory controller for 
this bank. 

TRLXQ— Timing Relax 

TRLXQ is only valid if the SYNC bit in the GMR is set. This bit delays the beginning of 
the internal QUICC or external QUICC/MC68030-type bus master cycle to relax the 
timing constraints on the user. This attribute is useful for slow peripherals that require 
additional address setup time. Chip selects are dela yed by one phase, and the cy cle is 
delayed by one clock. For accesses to DRAM, RAS Is delayed by one phase, and CAS 
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and AMUX are delayed by two phases, giving a total cycle increase of one clock. See 
Figures 6-16 and 6-1 7 for timing diagrams of different cases. 

= Do not relax timing. 

1 = Relax timing at the beginning of the cycle. One additional clock cycle is added 

when this bit is set. 

NOTE 

To relax the MC68EC040 cycles, use the TSS40 bit In the 
GMR. 




FC3-FC0— Function Code 
This field can be used to specify that accesses with the memory bank be limited to a 
certain address space type. These bits are used in conjunction with the FCM3-FCM0 
bits in the OR. 

BA31-BA1 1— Base Address 
The base address field, the upper 21 bits of each BR, and the function code field are 
compared to the address on the address bus to determine if a DRAM/SRAI\4 region is 
being accessed by an internal QUICC master. 

If the SRAM/DRAM region is being accessed by an external master and the WE lines 
are not used, then A31-A28 address lines and the BA31-BA28 bits are also used in the 
comparison. If, however, the SRAM/DRAM region is being accessed by an external 
master and the A31~A28 lines are configured as WE lines, then the user should write 
zeros to the BA31-BA28 bits so that A31-A28 will be masked by the address 
comparison logic. 
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Figure 6-13. CSNTQ = 1 During an Internal Cycle 
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Figure 6-14. CSNTQ = 1 During an External QUICC/MC68EC030 Cycie 
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Figure 6-15. CSNT40 = 1 During an External MC68EC040 Cycle 
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Figure 6-16. TRLXQ = 1 During an Internal Cycle 
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Figure 6-17. TRLXQ = 1 During an External QUiCC/i\AC68030 Cycie 



6.13.4 Option Register (OR) 

This register is used for botli DRAIVI and SRAI\/I banl<s. I^ost bits are valid for botli banl<s, 
but some bits are only valid for DRAM banks, and others are only valid for SRAIVI banl<s. 
This register is a 32-bit read-write register that may be accessed at any time. 
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AMIS 


AMU 


AMIS 


AM12 


AM11 


FCM3 


FCM2 


FCM1 


FCMO 


BCYC1 


BCYCO 


- 


PGME 


SPS1 


SPSO 


DSSEL 



DSSEL— Dynamic RAM Select 
This bit determines If the bank is a DRAM or SRAM, which impacts a number of signals: 
1) the length of the c ycle is different; 2) address muxing is performed if GAMX = 1; and 
3) the previous RAS is negated if a page bank miss occurs and DSSEL = 1 (for the new 
bank). 

= SRAM bank (i.e., SRAM, EPROM, peripherals, etc.) 

1 = DRAM bank 



SPS1-SPS0— SRAM Port Size (SRAM Bank Only) 
This attribute determines whether a given chip select responds with DSACKx and, if so, 
what port size is returned (see Table 6-1 2). 
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If th e cycle is terminated by using the internal wait-state attributes, the QUICC drives 
the DSACKx lines according to those bits. If the in ternal wa it-state attributes are not 
used, the cycle sh ould be t erminated with external DSACKx. In this case, the QUICC 
does not drive the DSACKx lines, but rather samples them at every falling edge of the 
clock. 

If an MC68EC040 access is performed using this SRAM bank and PS = 00, 01, or 10, 
the SRAM controller operates in the same way, except it asserts TA instead of DSACKx. 
If PS = 1 1 , TA is sampled at every rising edge of the clock. 

Table 6-12. SRAM Port Size 



SPSI-SPSO 


Result 


00 


32-Bit Port Size 


01 


16-Bit Port Size 


10 


8-Bit Port Size 


11 




External DSACKx Response 



NOTES 




If DSACK is provided internally, then the DSACKx lines are still 
sampled externally, and can be asserted e xternally to end the 
cycle. H owever, i n this case of external DSACKx assertion, 
external DSACKx should be asserted and negated prior to 
when internal DSACK would have been asserted by the 
QUICC. This is easily accomplished on the boot chip select 
since the QUICC default value is 14 wait states. 

The SRAM controller does not support an external Ta 
response for MC68040 burst mode. Also, for n on -burst 
MC68040 cycles, TA cannot be externally asserted before CS 
is asserted. 

PGME— Page Mode Enabled (DRAM Banks Only) 
This bit is used to enable page mode accesses to a DRAM bank. Page mode accesses 
are performed only for an internal QUICC or an external QUICC/MC68030-type master. 

0= Page mode is disabled. 
1 = Page mode is enabled. 

NOTE 

When the DRAM controller supports MC68EC040 cycles, 
PGME must be cleared by the user, or erratic behavior may 
occur. 



Bit 4 — Reserved 
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BCYC1-BCYC0— Burst Length Cycle in Clocks 

These bits determine the number of wait states inserted in an MC68040 burst cycle. 
This attribute is for the second, third, and fourth access of the burst cycle. Program 
TCYC3-TCYC0 for the first access. 

00 = The burst cycles are 1 clock in length (x,1,1,1), 

01 = The burst cycles are 2 clocks In length (x,2,2,2). 

10 = The burst cycles are 3 clocks in length (x,3,3,3). 

1 1 = The burst cycles are 4 clocks in length (x,4,4,4). 

FCM0-FCM3— Function Code Mask 
This field can be used to mask certain function code bits, allowing more than one 
address space type to be assigned to a chip select. Any set bit causes the 
corresponding function code pin to be used as part of the address comparison. Any 
cleared bit masks the corresponding function code bit. If both supervisor data and 
program accesses are desired, while ignoring CPU space accesses, then the NCS bit in 
the GMR should be cleared. 

NOTE 

Clear the FCM bits to ignore function codes as part of the 
address comparison. 

AM27-AM1 1— Address Mask 

The address mask field, bits 27-17 of each OR, provides for masking any of the 
corresponding bits in the associated BR. By masking the address bits independently, 
external devices of different address range sizes can be used. Any cleared bit masks 
the corresponding address bit. Any set bit causes the corresponding address bit to be 
used in the comparison with the address pins. Address mask bits can be set or cleared 
in any order in the field, allowing a resource to reside in more than one area of the 
address map. This field can be read or written at any time. 

NOTES 

When address lines A31-A28 are multiplexed with the WE 
lines, the A31-A28 lines are still used in the comparison by an 
internal QUICC master. See the base address bit description In 
6.13.3 Base Register (BR). 

If two chip selects are programmed to asser t in t he same 
address region, onl y the lower chip sele ct (o r RAS line) will 
assert. For example, CS1 has priority over CS4. 

TCYC3-TCYC0— Cycle Length in Clocks 

This field determines the length of a bus cycle (see Table 6-13). Both internal masters 
and external masters use this field for their accesses to a given memory bank. In 
addition, an external MC68040 uses this field for the first access of a burst access 
sequence. 
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Although TCYC3-TCYC0 is the main parameter for determining cycle length since it 
selects the number of wait states inserted in the cycle, the total cycle length may vary 
for other reasons, such as a DRAM page hit, DRAM page miss, or whether the bus 
master is internal or external to the QUICC. Besides TCYC, other bits that can affect the 
total cycle length in certain situations are WBT40, WBTQ, DWQ, DW40, EMWS, SYNC, 
and TSS40 in the_GMR, and TRLXQ, PGME, and BCYC in the OR. CSNTQ and 
CSNT40 affect the CS timing, but do not affect the total cycle length. 

If the user has selected an external DSACKx or Ta response for this memory bank, with 
the SPS or DPS bits, then TCYC3-TCYC0 are not used. 



Table 6-13. Cycle Length in Clocks 



TCYC = 


Internal QUICC Master Memory Bus Cycle Length 


Number of Clocks 


Number of Walt States 


Number 


Comments 


Number 


Comments 





2 


Fast 
Termination 


* 


Undefined 


1 


3 


Normal 







2 


4 




1 




3 


5 




2 




4 


6 




3 




5 


7 




4 




6 


8 




5 




... 


... 








15 


17 




14 






NOTES 

External cycles are always three clocks or longer. See Table 
6-10 for more details. 

Normal DRAM cycles are three clocks when TCYC=0 and four 
clocks when TCYC=1 , etc. Therefore fast termination Is not 
possible during the initial access to DRAM. Two clock DRAM 
cycles are only possible when page mode is enabled for an 
internal master. 

6.13.5 DRAM-SRAM Performance Summary 

Table 6-14 lists the performance results possible when setting TCYC = 0, assuming a 25- 
MHz system clock, 60-ns DRAMs, and 15-ns SRAMs. The items marked with a dash are 
not applicable to the situation. 
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Table 6-14. Maximum DRAM/SRAM Performance (25 MHz) 


Memory Move 


Internal Master 


External 

QUICC/MC68030 

Type 


External 
MC68EC040 
(rSS40 » 0) 


External 
MC68EC040 
CTSS40 « 1) 


SRAM Normal 


2 (See note 2) 


3 


2 


3 


Burst 


— 


— 


2.1,1,1 


3,1,1,1 


DRAM Normal 


3* 


4 


3* 


4 


DRAM Normal Back- 
to-Back Access 


4* 


4 


4* 


5 


Page Hit 


2 


3 


— 


— 


Page Miss 


4* 


5 


— 


— 


Line Fill 


— 


— 


3*, 2, 2, 2 


4,2,2,2 




NOTES: 

1 . For 70-ns DRAMs, items marked with an asterisk should have one additional clock added. 

2. For the internal master case, the QUICC also supports two-clock accesses with 20-ns SRAMs. 
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SECTION 7 

COMMUNICATION PROCESSOR MODULE (CPM) 

The CPM includes many blocks that work together to allow an extremely flexible and 
integrated approach to solving many communications problems. The CPM (see Figure 
7-1) includes the following modules: 

• RISC Controller 

— 24 MIPS at 25 MHz 

— One Instruction per Clock 

— 32-Blt Architecture 

— Internal Timer 

• Four Full-Duplex Serial Communication Controllers (SCCs) Support the Following 
Protocols: 

— IEEE 802.3/Ethemet (Optional Feature on SCC1 Only) 

— High-Level/Synchronous Data Link Control (HDLC/SDLC) 

— HDLC Bus (Multidrop Bus Configuration of HDLC) 

— AppleTalk (HDLC-Based Local Area Network (LAN) Protocol) 

— Universal Asynchronous Receiver Transmitter (UART) 

— Synchronous UART (Isochronous, 1x Clock Mode) 

— Binary Synchronous Communication (BISYNC) 

— Totally Transparent Operation 

— Signaling System #7 (HDLC-Based Protocol; RAM Microcode Option Only) 

— PROFIBUS (RAM Microcode Option Only) 

— Asynchronous HDLC (RAM Microcode Option Only) 

— Digital Data Communications Message Protocol (DDCMP) (RAM Microcode 
Option Only) 

— V.14 (RAM Microcode Option Only) 

— X.21 (RAM Microcode Option Only) 

• Four Independent Baud Rate Generators 

• Two Serial Management Controllers (SMCs) Provide Additional UART and Totally 
Transparent Functionality or Support the GCI Channel and 1 Monitor and C/l 
Channels in Integrated Services Digital Network (ISDN) 
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• Serial Interface Provides Nonmultiplexed Seria l Interface (NMSI) for the Four SCCs 
(includes TXD, RXD, TCLK, RCLK, RTS, CTS, and CD pins) 

• Time Slot Assignor (TSA) Supports Multiplexing of Data from any of the Four SCCs 
and Two SMCs onto Two Time-Division Multiplexed (TDM) Interfaces. The TSA 
Supports the Following TDM Fonnats: 

— T1/CEPT Lines 

— Pulse Code Modulation (PCM) Highway Interface 

— ISDN Primary Rate 

— Motorola Interchip Digital Link (IDL) 

— General Circuit Interface (GCI), also known as IOM-2 

— User-Defined Interfaces 

• Serial Peripheral Interface (SPI) for Synchronous Interchip Communication 

• Fourteen Serial Direct Memory Access (SDMA) Channels Support the SCC, SMCs, 
and SPI 

• Two Independent Direct Memory Access (IDMA) Channels Support Extemal Memory 
and Peripherals 

• A Command Set Register Supports the RISC, IDMA, SCCs, SMCs, and SPI 

• Four General-Purpose 1 6-Bit Timers or Two 32-Bit Timers 

• General-Purpose Parallel Port for Parallel Protocols such as Centronics (Can Also Be 
Used as Standard Parallel I/O) 

• CPM Intermpt Controller 

• 2.5-Kbyte Dual-Port RAM 

• Twelve Parallel I/O Lines with Interrupt Capability 



7-2 MC68360 USER'S MANUAL MOTOROU 



CPM 



< 



1MB 



PAR 
I/O 



BRG 



CPM 



> 



DUAL-PORT 
RAM 



INTERRUPT 
CONTROLLER 



32-BIT RISC 



INTERNAL TIMER 



PERIPHERAL BUS 



serial interface 
ItimeslotassignerI 



FOUR 
TIMERS 



TWO 
IDMAs 



fourteen 

somas 




NOTE: The term 'CP' refers to the nonshaded portion of the CPM. 

Figure 7-1. CPM Block Diagram 



7.1 RISC CONTROLLER 

The RISC controller is the 32-bit central controller of the communication processor module 
(CPM). Since its execution occurs on a separate bus that is hidden from the user, it does 
not impact CPU32+ core perfomiance. The RISC controller works with the serial channels 
and parallel interface port (PIP) to implement the user-chosen protocols and to manage 
the SOMA channels that transfer data between the SCCs and memory. The RISC 
controller contains an internal timer that can be used to implement up to 16 additional 
timers for the user application software. These features are collectively known as the 
communication processor (CP), which is a subset of the overall CPM. Additionally, the 
RISC controller can manage the operation of the IDMA channels, if desired. The 32-bit 
RISC handles the lower layer tasks and DMA control activities, leaving the 32-bit CPU32+ 
core (or other external processor) free to handle higher layer activities. Thus, the QUICC 
can be thought of as a dual 32-bit processor system. 

The RISC controller communicates with the host (CPU32+ core or other external 
processor) in several ways. First, many parameters are exchanged through the dual-port 
RAM. In the case of simultaneous accesses (at least one of which is a write operation). 
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the RISC controller may be delayed by one clock in Its access to the dual-port RAM. The 
host is never delayed. Second, the RISC controller can execute special commands issued 
by the host. These commands are only required to be issued in special situations. Third, 
the RISC controller can generate interrupts through the CPM interrupt controller. Fourth, 
status/event registers, which show events that have occurred within the RISC, may be 
read at any time by the CPU32+ or an external processor. 

The RISC controller has the ability to control a set of up to 16 timers. These timers are 
separate and distinct from the four general-purpose timers and baud rate generators in the 
CPM. The 16 timers are ideally used in protocols that do not require extreme precision, 
but in which it is desirable to off-load the host CPU from having to scan the timer tables 
that are created in software. These timers are clocked from an intemal timer used only by 
the RISC controller. 

The RISC controller uses the peripheral bus to communicate with all of its peripherals. 
Each sec has a separate receive and transmit FIFO. The SCC1 FIFOs are 32-bytes 
each; the other SCC FIFOs are 16-bytes each. The SMC and SPI FIFO sizes are double- 
buffered. The PIP is a single register interface. 

The following priority scheme detennlnes the processing priority of the RISC controller, it 
is as follows: 

1 . Reset in CP Command Register or System Reset 

2. SOMA Bus Error 

3. Commands Issued to the CP Command Register 

4. SCC1 Rx 

5. SCCITx 

6. SCC2RX 

7. SCC2TX 

8. SCC3RX 

9. SCC3TX 

10. SCC4RX 

11. SCC4TX 

12. SMC1 Rx 

13. SMCITx 

14. SMC2RX 

15. SMC2TX 

16. SPIRx 
17 SPITx 

18. PIP 

19. RISC Timer Tables 

The RISC controller has an option to execute microcode from a portion of user RAM, 
located in the on-chip dual-port RAM. In this mode, either 512 bytes or 1024 bytes of the 
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user RAM cannot be accessed by the host or another bus master and are used 
exclusively by the RISC. In this mode, the RISC controller can fetch instructions from both 
the dual-port RAM and its private ROM. This mode allows Motorola to add new protocols 
or enhancements to the QUICC in the form of Motorola-supplied RAM microcodes. The 
binary microcode is obtained from Motorola and then loaded by the user into the dual-port 
RAM. 

The RISC controller contains one configuration register described in the following 
paragraph. 

7.1.1 RISC Controller Configuration Register (RCCR) 

The 16-bit, memory-mapped, read-write RCCR configures the RISC controller to run 
microcode from ROM or RAM, halt/continue execution when the intermodule bus (1MB) 
freeze pin is asserted, and controls the RISC internal timer. This register is initialized to 
zero at reset. 
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TIMER 


EX1M 


EXOM 


EX1P 


EIE 


SCD 


LRAM 


ERAM 



TIME — ^Timer Enable 

This bit enables the RISC controller internal timer. The timer will generate a tick to the 
RISC based on the value programmed into the TIMER bit. TIME may be modified at any 
time to start or stop the scanning of the RISC timer tables. 

Bit 14 — Resen/ed 

TIMER— Timer Period 
This field controls the RISC controller timer tick. The RISC timer tables are scanned on 
each timer tick. The input to this timer tick generator is the general system clock divided 
by 1024. The formula is (TIMER + 1) x 1024 = (general system clock period). Thus, a 
value of stored in these bits gives a timer tick of 1 x (1024) = 1024 general system 
clocks. A value of 63 (decimal) stored in these bits gives a timer tick of 64 x (1024) = 
65536 general system clocks. 

EX1 M — External Request 1 Mode 
A user would configure this bit as instructed during the downloading process of a 
Motorola-supplied RAM microcode package. Otherwise, it should not be used. 

= Extemal request 1 is edge sensitive. 

1 = Extemal request 1 is level sensitive. 

EXOM — Extemal Request Mode 
A user would configure this bit as instructed during the downloading process of a 
Motorola-supplied RAM microcode package. OthenA/ise, it should not be used. 

= Extemal request is edge sensitive. 

1 = Extemal request is level sensitive. 
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EX1P— External Request 1 Priority 

A user would configure these bits as Instructed during the downloading process of a 
Motorola-supplied RAM microcode pacicage. Otherwise, they should not be used. 

00 = External request 1 has higher priority than the SCCs. 

01 = External request 1 has lower priority than the SCCs. 

10 = External request 1 has the lowest priority. 

1 1 = Reserved. 

EIE— External Interrupt Enable 

When this bit is set, the EXTO pin will interrupt the RISC controller. A user would 
configure this bit as instructed during the downloading process of a Motorola-supplied 
RAM microcode package. OthenA/ise, it should not be used. 

SCD — ^Scheduler Configuration 

A user would configure this bit as instructed during the downloading process of a 
Motorola-supplied RAM microcode package. OthenA/ise, it should not be used. 

0= Normal operation. 

1 = Altemate configuration of the scheduler. 

LRAM— Large RAM Microcode 

This bit is valid only if ERAM - 1 . A user would configure this bit as instructed during the 
downloading process of a Motorola-supplied RAM microcode package. OthenA/ise, it 
should not be used. 

- Small RAM microcode — microcode is executed from the first 512 bytes of the 

dual-port RAM. 

1 - Large RAM microcode — microcode is executed from the first 1024 bytes of the 

dual-port RAM. 

ERAM — Enable RAM Microcode 
This bit enables the RISC controller to execute a microcode program from RAM. A user 
would only set this bit if enabling a Motorola-supplied RAM microcode package. 

7.1.2 RISC Microcode Revision Number 

The RISC controller writes a revision number stored in its ROM to a dual-port RAM 
location called REV_num. REV_num is located in the miscellaneous parameter RAM. The 
other locations are reserved for future use. 



Address 


Name 


Width 


Description 


Misc Base + 00 


REV.num 


Word 


Microcode Revision Number 


Misc Base -i- 02 


RES 


Word 


Reserved 


Misc Base •»■ 04 


RES 


Long 


Reserved 


Misc Base -i- 08 


RES 


Long 


Reserved 
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7.2 COMMAND SET 

The host processor (CPU32+ or other external processor) issues commands to the RISC 
by writing to the command register (CR). The CR only needs to be accessed on rare 
occasions. For instance, to terminate the transmission of a frame by an SCC without 
waiting until the end of the frame, a STOP TX command can be issued to an SCC through 
the command register. The commands are described in general terms in the following 
paragraphs; they are described in specific temis when the protocol or feature is described 
in detail. 

The host should set the FLG bit in the CR when it issues commands. The CP clears FLG 
after completing the command to indicate to the host that it is ready for the next command. 
Subsequent commands to the CR may be given only after FLG is cleared. The software 
reset command (issued by setting the RST bit) may be given regardless of the state of 
FLG, but the host should still set FLG when setting RST. 

The CR, a 16-bit, memory-mapped, read-write register, is cleared by reset. 
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RST 


— 


OPCODE 


CHNUM 


— 


FLQ 



RST— Software Reset Command 

This bit is set by the host and cleared by the CP. On execution of this command, the 
RST bit and the FLG bit are cleared within two general system clocks. The RISC reset 
routine is approximately 60 clocl<s long, but the user can begin initialization of the CP 
immediately after this command is given. This command is useful when the host wants 
to reset the registers and parameters for all the channels (SCCs, SMCs, SPI, and PIP) 
as well as the RISC processor and RISC timer tables. This command does not affect 
the serial interface (SI) or the parallel I/O registers. 

Bits 14-12, 3-1— Reserved 

OPCODE— Operation Code 
The opcodes are listed in Table 7-1 . 
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Table 7-1. Opcodes 




Opcode 


sec 


SMC(UART/rrans) 


SMC (GCI) 


SPI 


■DMA 


Timer 


0000 


INITRX&TX 
PARAMS 


INITRX&TX 
PARAMS 


INITRX&TX 
PARAMS 


INITRX&TX 
PARAMS 






0001 


INIT RX 
PARAMS 


INIT RX PARAMS 




INITRX 
PARAMS 






0010 


INITTX 
PARAMS 


INITTX PARAMS 




INITTX 
PARAMS 






0011 


ENTER HUNT 
MODE 


ENTER HUNT MODE 










0100 


STOPTX^ 


STOPTX 










0101 


GR STOP TX2 








INIT IDMA 




0110 


RESTART TX 


RESTART TX 










0111 


CLOSE RX BD 


CLOSE RX BD 




CLOSE RX BD 






1000 


SET GROUP 
ADDR 










SET TIMER 


1001 






GCI TIMEOUT 








1010 


RESET BCS 




GCI ABORT 
REQ 








1011 














1100 


U 


U 


U 


U 


u 


U 


1101 


U 


U 


U 


U 


U 


U 


1110 


U 


U 


U 


U 


U 


U 


1111 


U 


U 


U 


U 


U 


U 



NOTES: 

1. STOP TX = MC68302 original STOP TRANSMIT command. 

2. GR STOP TX = GRACEFUL STOP TRANSMIT command. 

INIT TX and RX PARAMETERS. This command initializes the transmit and receive 
parameters in the parameter RAM to the values that they had after the last reset of the 
CP. This command is especially useful when switching protocols on a given serial 
channel. 

INIT RX PARAMETERS. This command initializes the receive parameters of the serial 
channel. 

INIT TX PARAMETERS. This command initializes the transmit parameters of the serial 
channel. 

ENTER HUNT MODE. This command causes the receiver to stop receiving and begin 
looking for a new frame. The exact operation of this command may vary depending on 
the protocol used. 

STOP TX. This command aborts the transmission from this channel as soon as the 
transmit FIFO has been emptied. It should be used in cases where transmission needs 
to be stopped as quickly as possible. Transmission will proceed when the RESTART 
command is issued. 
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GRACEFUL STOP TX. This command stops the transmission from this channel as 
soon as the current frame has been fully transmitted from the transmit FIFO. 
Transmission will proceed once the RESTART command is issued and the R-bit is set 
in the next transmit buffer descriptor. 

RESTART TX. When the STOP TX command has been issued, this command can be 
used to restart the transmission at the current buffer descriptor. 

CLOSE RX BD. This command causes the receiver to simply close the current receive 
buffer descriptor, making the receive buffer immediately available for manipulation by 
the user. Reception continues nomially using the next available buffer descriptor. This 
command may be used to access the data buffer without waiting until the data buffer is 
completely filled by the SCO. 

INIT IDMA. This command initializes the specified IDMA internal RISC state to the value 
it had at system reset. It is only required when the IDMA auto buffer or buffer chaining 
modes are used. 

SET TIMER. This command activates, deactivates, or reconfigures one of the 16 timers 
in the RISC timer table. 

SET GROUP ADDRESS. This command sets a bit in the hash table for the Ethernet 
logical group address recognition function. 

GCI ABORT REQUEST. The GCI receiver sends an abort request on the E-bit. 

GCI TIMEOUT. The GCI performs the timeout function. 

RESET BCS. This command is used In BISYNC mode to reset the block check 
sequence calculation. 

Undefined (U). Reserved for use by Motorola-supplied RAM microcodes. 
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CH NUM— Channel Number 

These bits are set by the host to define the specific sub-blocl< on which the command is 
to operate. Some sub-blocks share channel number encodings if their commands are 
mutually exclusive. 

0000 SCC1 




0001 




0010 




0011 




0100 


SCC2 


0101 


SPI/RISC Timers 


0110 




0111 




1000 


SCC3 


1001 


SMC1/IDMA1 


1010 




1011 




1100 


SCC4 


1101 


SMC2/IDMA2 


1110 




1111 





FLG — Command Semaphore Flag 
The bit is set by the host and cleared by the CP. 

= The CP is ready to receive a new command. 

1 = The CR contains a command that the CP is currently processing. The CP clears 

this bit at the end of the command execution or after reset. 

7.2.1 Command Register Examples 

To perform a complete reset of the CP, the value $8001 should be written to the CR. 
Following this command, the CR will return the value $0000 in two clocks. 

To execute an ENTER HUNT MODE command to SCC3, the value $0381 should be 
written to the CR. While the command is executing, the CR will return the value $0381 . 
When the command has been completely executed, the CR will return the value $0380. 

7.2.2 Command Execution Latency 

The worst-case command execution latency is 120 clocks. The typical command 
execution latency is about 40 clocks. 

7.3 DUAL-PORT RAM 

The CPM has 2560 bytes of static RAM configured as dual-port memory. The dual-port 
RAM memory map is shown in Figure 7-2, and a block diagram is shown in Figure 7-3. 
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Figure 7-2. Dual-Port RAM Memory Map 
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512 
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PERIPHERAL 


i| 






ADDRESS ^ 


















1MB 






ADDRESS 
BUS _ 








1MB 
^ DATA BUS 






■< >• 

















Figure 7-3. Dual-Port RAM Block Diagram 

The dual-port RAM can be accessed by the RISC or one of four bus masters: CPU32+ 
core, IDMAs, SDMAs, or external bus master. When the dual-port RAM is accessed by an 
external bus master, CPU32+ core, IDMA, or SOMA channel, it is accessed in two clocks. 
When the dual-port RAM is accessed by the RISC, it is accessed in one clock. In the case 
of simultaneous access (with at least one write operation), the RISC is delayed by one 
clock. 

When the dual-port RAM is accessed by the CPU32+ core, IDMAs, SDMAs, or external 
bus master, the data and address are taken from the 1MB. The data is then presented on 
the 1MB data bus. The RISC has access to the entire dual-port RAM for data fetches and 
portions of the system RAM for microcode instruction fetches. 

The dual-port RAM is used for five possible tasks; any two tasks can occur 
Simultaneously. The first use is to store parameters associated with the SCCs, SMCs, 
SPI, and IDMAs in the 768-byte parameter RAM. The second use is to store the buffer 
descriptors that describe where data is to be received and transmitted from. The third use 
is to store data from the serial channels. This usage is optional since data may also be 
stored externally in the system memory. The fourth use is to store RAM microcode for the 
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RISC processor. This feature allows additional protocols to be added by Motorola in the 
future. The fifth use is for additional scratchpad RAM space for the user program. 

Only the parameters in the parameter RAM and the microcode RAM option require fixed 
addresses to be used. The buffer descriptors, buffer data, and scratchpad RAM may be 
located in the internal system RAM or in any unused parameter RAM (for instance, in the 
available area when a serial channel or sub-block is not being used). 

When a microcode from RAM is executed, certain portions of the system RAM are no 
longer available. This includes either the first 512-byte block and the last 256-byte block 
for a small RAM microcode, and the first two 512-byte blocks and the last 256-byte block 
for a large RAM microcode. The third 512-byte block is always available as system RAM. 

7.3.1 Buffer Descriptors 

The SCCs, SMCs, SPI always use buffer descriptors for controlling data buffers. The 
buffer descriptor format of the SCCs, SMCs, and SPI is identical. The buffer descriptor 
fomnat for these channels is shown in the following illustration. 





15 







OFFSET + 


STATUS AND CONTROL 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 


HIGH-ORDER DATA BUFFER POINTER 


OFFSET + 6 


LOW-ORDER DATA BUFFER POINTER 




If the IDMA is used in the buffer chaining or auto buffer mode, the lOMA channel also 
uses buffer descriptors. The buffer descriptors for the IDMA are described in 7.6 IDMA 
Channels. 

7.3.2 Parameter RAM 

The CP maintains a section of dual-port RAM called the parameter RAM. This RAM 
contains many parameters for the operation of the SCCs, SMCs, SPI, and the IDMA 
channels. An overview of the parameter RAM structure is shown In Figure 7-4. The exact 
definition of the parameter RAM is contained in each subsection describing a device that 
uses a parameter RAM. 
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SCC1 
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192 BYTES 



SCC3/SMC1/1DMA1 
192 BYTES 



SCC4/SMC2/IDMA2 
192 BYTES 



TOTAL 768 BYTES 



Figure 7-4. Parameter RAM Overview 

7.4 RISC TIMER TABLES 

The RISC controller has the ability to control up to 16 timers. These timers are separate 
from the four general-purpose timers and baud rate generators in the CPM. The 16 timers 
are ideally used in protocols that do not require extreme precision, but in which it is 
desirable to off-load the host CPU from having to scan the timer tables that are created in 
software. These timers are clocked from an internal timer used only by the RISC. 

The features of the RISC timer tables are as follows: 

• Upto 16 Timers Supported 

• Maskable Interrupt on Timer Expiration 

• Programmable Timer Resolution As Low As 41 jis at 25 MHz 

• Maximum Timeout Period of 172 Sec at 25 MHz 

• Continuously Updated Reference Counter 
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All operations on the RISC timer tables are based on a fundamental "tick" of the RISC 
internal timer, which is programmed in the RISC RCCR. The tick is a multiple of 1 024 
general system clocks. (See 7.1 RISC Controller for more details.) 

The RISC timer tables have the lowest priority of all RISC operations. Therefore, If the 
RISC is so busy with other tasks that it does not have time to service the timer during a 
tick interval, one or more of the timers may not be updated during a tick. 

This behavior can actually be used to estimate the worst-case loading of the RISC 
processor. (See Table 7-2 for more details.) 

The RISC timer tables are configured in the RCCR, the RISC timer table parameter RAM, 
and by the SET TIMER command issued to the CP command register, the RISC timer 
event register, and the RISC timer mask register. 

7.4.1 RISC Timer Table Parameter RAM 

Two areas of internal RAM are used for the RISC timer tables: the RISC timer table 
parameter RAM and RISC timer table entries (see Figure 7-5). The RISC timer table 
parameter RAM area begins at the RISC timer base address (see Table 7-2). This area is 
used for the general timer parameters. 
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Figure 7-5. RISC Timer Table RAM Usage 



Table 7-2. RISC Timer Table Parameter RAM 



Address 


Name 


Width 


Description 


Timer Base + 00 


TM_BASE 


Word 


RISC Timer Table Base Address 


Timer Base + 02 


TM_ptr 


Word 


RISC Timer Table Pointer 


Timer Base -i- 04 


R_TIV1R 


Word 


RISC Timer Mode Register 


Timer Base + 06 


R_TMV 


Word 


RISC Timer Valid Register 


Timer Base + 08 


TM_cmd 


Long 


RISC Timer Command Register 


Timer Base + OC 


Tl«_cnt 


Long 


RISC Timer Intemal Count 



NOTE: Boldfaced items are initialized by the user. 



TM_SASE. The actual RISC timers arc located by the user as a sma!! block of memory In 
the dual-port RAM. TM_BASE is the offset from the beginning of dual-port RAM where 
that biocic resides. The user should allocate 4 bytes at TM.BASE for each timer used (64 
bytes at TM_BASE if all 16 timers are used). If less than 16 timers are used, the timers 
should always be allocated in ascending order (RISC timer 0, RISC timer 1 , etc.) to save 
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space. For example, if the user only needs two timers, then 8 bytes are required at 
location TM_BASE as long as the user only enables RISC timer and RISC timer 1 . 

NOTE 

TM_BASE should always be aligned to a long-word boundary 
(I.e., evenly divisible by 4). 

TM_ptr. This value Is used exclusively by the RISC to point to the next timer to be 
accessed in the timer table. It should not be modified by the user. 

R_TMR. This value Is used exclusively by the RISC to store the mode of the timer: one- 
shot (bit is zero) or restart (bit is one). R_TMR should not be modified by the user. The 
SET TIMER command should be used Instead. 

R_TMV. This value Is used exclusively by the RISC to store whether a timer is currently 
enabled. A bit is a one If the corresponding timer is enabled. R_TMV should not be 
modified by the user. The SET TIMER command should be used Instead. 

TM_cmd. This value is used as a parameter location when the SET TIMER command Is 
issued. The user should write this location prior to issuing the SET TIMER command. This 
parameter is defined as follows: 

31 30 29 20 19 16 15 




V 


R 


— 


TIMER 
NUMBER 


TIMER PERIOD (16 BITS) 



V— Valid 
This bit should be set to enable the timer and cleared to disable the timer. 

R— Restart 
This bit should be set for an automatic restart or cleared for a one-shot operation of the 
timer. 

Bits 29-20— Reserved 
These bits should be written with zeros. 

Bits 19-16— Timer Number 
The timer number is a value from to 1 5 that signifies the timer is configured. 

Bits 15-0— Timer Period 

The timer period Is the 16-bit timeout value of the timer. The maximum value is 65536, 
which is programmed by writing $0000 to the timer period. 

TM_cnt. This value is simply a tick counter that is updated by the RISC after each tick. It Is 
updated if the RISC internal timer Is enabled, regardless of whether any of the 16 timers 
are enabled. It can be used to track the number of ticks that the RISC has received and 
responded to. This value is updated only after the RISC scans the timer table. 
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7.4.2 RISC Timer Table Entries 

The actual 16 timers themselves are located in the block of memory following the 
TM_BASE location. Each timer occupies 4 bytes. The first word forms the initial value of 
the timer written during the execution of the SET TIMER command, and the next word is 
the current value of the timer, which is decremented until it reaches zero. These locations 
should not be modified by the user; they are documented only as a debugging aid for user 
code. 

7.4.3 RISC Timer Event Register (RTER) 

This 16>bit register is used to report events recognized by the 16 timers and to generate 
Interrupts. Bit corresponds to timer 0, and bit 15 corresponds to timer 15. Note that an 
interrupt will only be generated if the RISC timer table bit is set in the CPM interrupt masic 
register. RTER may be read at any time. A bit is cleared by writing a one (writing a zero 
does not affect a bit's value), and more than one bit may be cleared at a time. This 
register is cleared at reset. 

7.4.4 RISC Timer Mask Register (RTI\/iR) 

This 16-bit register is used to enable interrupts that may be generated in the RISC timer 
event register. If a bit is set, it enables the corresponding interrupt in the RTER. If a bit is 
cleared, it masks the corresponding interrupt in the RTER. Note that an interrupt will only 
be generated if the RISC timer table bit is set in the CPM interrupt mask register. This 
read-write register is cleared at reset. 

7.4.5 SET TMER Command 

This command is used to enable, disable, and configure the 16 timers in the RISC timer 
table. The SET TIMER command Is issued to the CR. This means the value $0861 should 
be written to CR. However, before writing this value, the TM.cmd value should be set up 
by the user. See 7.4.1 RISC Time Table Parameter RAM for details. 

7.4.6 RISC Timer Initialization Sequence 

The following sequence initializes the RISC timers: 

1 . Configure the RCCR to determine the desired tick interval that will be used for the 
entire timer table. The TIME bit would normally be turned on at this time; however, it 
can be tumed on later if it is required that all RISC timers be synchronized. 

2. Determine the maximum number of timers to be located in the timer table and 
configure TM.BASE in the RISC timer table parameter RAM to point to a location in 
the dual port RAM with 4 x N bytes available, where N is the number of timers. If N is 
less than 1 6, use timer through timer N-1 (for space efficiency). 

3. Clear the TM.cnt in the RISC timer table parameter RAM to snow how many ticks 
have elapsed since the RISC internal timer was enabled. This step Is optional. 

4. Clear the RISC timer event register if it is not already cleared. (Ones are written to 
clear this register.) 
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5. Configure the RTMR to enable those timers that should generate interrupts. (Ones 
enable interrupts.) 

6. Set the RISC timer table bit in the CPM interrupt mask register to generate interrupts 
to the system. (The CPM interrupt controller may require other initialization not 
mentioned here.) 

7. Configure the TM_cmd field of the RISC timer table parameter RAM. At this point, 
determine whether a timer is to be enabled or disabled, one-shot or restart, and what 
its timeout period should be. If the timer is being disabled, the parameters (other 
than the timer number) are ignored. 

8. Issue the SET TIMER command by writing $0861 to the CR. 

9. Repeat the preceding two steps for each timer to be enabled or disabled. 

7.4.7 RISC Timer Initialization Example 

The following sequence initializes RISC timer to generate an interrupt approximately 
every second using a 25-MHz general system clock: 

1 . Write the TIMER bits of the RCCR with 1 1 1 1 1 1 to generate the slowest clock. This 
value will generate a tick every 65536 clocks, which is every 2.6 ms at 25 MHz. 

2. Configure TM_BASE In the RISC timer table parameter RAM to point to a location in 
the dual-port RAM with 4 bytes available. Assuming the beginning of dual-port RAM 
is available, write $0000 to TM_BASE. 

3. Write $0000 to TM_cnt in the RISC timer table parameter RAM to see how many 
ticks have elapsed since the RISC internal timer was enabled. This step is optional. 

4. Write $FFFF to the RTER to clear any previous events. 

5. Write $0001 to the RTMR to enable RISC timer to generate an interrupt. 

6. Write $00020000 to the CPM interrupt mask register to allow the RISC timers to 
generate a system interrupt. Initialize the CPM interrupt configuration register. 

7. Write $C0000EE6 to the TM_cmd field of the RISC timer table parameter RAM. This 
enables RISC timer to time out after 3814 (decimal) ticks of the timer. The timer 
will automatically restart after it times out. 

8. Write $0851 to the CR to issue the SET TIMER command. 

9. Set the TIME bit in the RCCR to enable the RISC timer to begin operation. 

7.4.8 RISC Timer Interrupt Handling 

The following sequence describes what would normally occur within an interrupt handler 
for the RISC timer tables: 

1 . Once an interrupt occurs, read the RISC timer event register to see which timer or 
timers have caused interrupts. The RISC timer event bits would normally be cleared 
at this time. 

2. Issue additional SET TIMER commands at this time or later, as desired. Nothing 
need be done if the timer is being restarted automatically for a repetitive interrupt. 

3. Clear the R-TT bit In the CPM interrupt status register. 

4. Execute the RTE instruction. 
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7.4.9 RISC Timer Table Algorithm 

The RISC scans the timer table once every tick. For each valid timer in the timer table, the 
RISC decrements the count and checks for a timeout. If no timeout occurs, it moves to the 
next timer. If a timeout occurs, the RISC sets the corresponding event bit In the RISC 
timer event register. It checks to see if the timer is to be restarted, if so, it leaves the timer 
valid bit set in the R_TMV location and resets the current count to the initial count; 
otherwise, it clears the R_TMV bit. Once the timer table is scanned, the RISC updates the 
TM_cnt value in the RISC timer table parameter RAM and ceases working on the timer 
tables until the next tick. 

If a SET TIMER command is issued, the RISC controller makes the appropriate 
modifications to the timer table and parameter RAM, but does not scan the timer table 
until the next tick of the internal timer. It is important to use the SET TIMER command to 
properly synchronize the timer table alterations to the execution of the RISC. 

7.4.1 RISC Timer Table Application: Track the RISC Loading 

The RISC timers can be used to track the loading of the RISC controller. The following 
sequence gives a method for using the 16 RISC timers to determine if the RISC controller 
ever exceeds the 96% utilization level during any tick Interval. Removing the timers then 
adds a 4% margin to the RISC utilization level. The aggressive user can use this 
technique to push the RISC performance to its limit in an application. 

The user should use the standard initialization sequence, with the following differences: 

1 . Program the tick of the RISC timers to be 1 024 x 1 6 = 1 6384. 

2. Disable RISC timer interrupts, if desired. 

3. Using the SET TIMER command. Initialize all 16 RISC timers to have a timer period 
of $0000, which equates to 65536. 

4. Program one of the four general-purpose timers to increment once every tick. The 
general-purpose timer should be free-running and should have a timeout of 65536. 

5. After hours of operation, compare the general-purpose timer to the current count of 
RISC timer 15. If RISC timer 15 is more than two ticks different from the general- 
purpose timer, the RISC controller has, during some tick interval, exceeded the 96% 
utilization level. 

NOTE 

The general-purpose timers are up-counters, but the RISC 
timers are down-counters. The user should consider this fact 
when comparing timer counts. 

7.5 TIMERS 

The CPM includes four identical, 16-bit, general-purpose timers or two 32-bit timers. Each 
general-purpose timer consists of a timer mode register (TMR), a timer capture register 
(TCR), a timer counter (TCN), a timer reference register (TRR), and a timer event register 
(TER). The TMR contains the prescaler value programmed by the user. In addition, there 
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is one timer global configuration register (TGCR). Tlie timer block diagram is sliown in 
Figure 7-6. 
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Figure 7-6. Timer Block Diagram 

7.5.1 Timer Key Features 

Tiie four identical general-purpose timers liave the following features: 

• Maximum Period of 10.7 Sec (at 25 MHz) 

• 40-ns Resolution (at 25 MHz) 

• Programmable Sources for the Clock Input 

• input Capture Capability 

• Output Compare with Programmable Mode for the Output Pin 

• Two Timers Internally or Externally Cascadable To Form a 32-Blt Timer 

• Free Run and Restart Modes 

• Functionally Compatible with Timer 1 and Timer 2 on the MC68302 
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7.5.2 General-Purpose Timer Units 

The clock input to tlie prescaler may be seiected from ttiree sources: the general system 
clock, the general system clock divided by 16, or the corresponding TINx pin. Each option 
is discussed in the following paragraphs. 

The general system clock is generated in the clock synthesizer and defaults to the system 
frequency (for instance, 25 MHz). However, the general system clock has the option to be 
divided before it leaves the clock synthesizer. This mode, called slow go, Is used to save 
power. Whatever the resulting frequency of the general system clock, the user may 
choose either that frequency or that frequency divided by 16 as the input to the prescaler 
of each timer. 

Alternatively, the user may choose the TINx pin to be the clock source. TINx is internally 
synchronized to the intemal clock. If the user has chosen to internally cascade two 16-bit 
timers to a 32-bit timer, then a timer may internally use the clock generated by the output 
of another timer. 

The clock Input source is selected by the ICLK bits of the corresponding TMR. The 
prescaler is programmed to divide the clock input by values from 1 to 256. The output of 
the prescaler is used as an input to the 16-bit counter. 

The best resolution of the timer is one clock cycle (40 ns at 25 MHz). The maximum 
period (when the reference value is all ones) is 268,435,456 cycles (10.7 sec at 25 MHz). 
Both values assume that the general system clock is the full 25 MHz. 

Each timer may be configured to count until a reference is reached and then either begin a 
new time count immediately or continue to run. The FRR bit of the corresponding TMR 
selects each mode. Upon reaching the reference value, the corresponding TER bit Is set, 
and an interrupt is issued If the ORI bit in the TMR is set. 



Each ti mer may output a signal on the timer output pin (T0UT1 , T0UT2, T0UT3, or 
T0UT4) when the reference value is reached (selected by the OM bit of the corresponding 
TMR). This signal can be an active-low pulse or a toggle of the current output. The output 
can also be intemally connected to the input of another timer, resulting in a 32-bit timer. 

Each timer has a 16-bit TCR, which is used to latch the value of the counter when a 
defined transition of TIN1, TIN2, TINS, or TIN4 is sensed by the corresponding input 
capture edge detector. The type of transition triggering the capture Is selected by the CE 
bits in the corresponding TMR. Upon a capture or reference event, the corresponding TER 
bit is set, and a maskable interrupt request is issued to the CPM interrupt controller. 

The time rs may be gated/restarted by an extern al gate signal. There are two gate pins: 
TGATE1 controls timer 1 and/or timer 2; TGATE2 controls timer 3 and/or timer 4. 

Nomnai gate mode enables the count on a falling edge of the TGATEx pin and disables the 
count on the rising edge of the TGAT Ex pin. N ormal gate mode allows the timer to count 
conditionally based on the state of the TGATEx pin. 
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Restart gate mode performs the sam e function as nornial mode, except that it also resets 
the counter on the falling edge of the TGATEx pin. The restart gate mode has applications 
in pulse interval measurement and bus monitoring: 

• Pulse Me asurement— The restart g ate mode can measure a low pulse on the 
TGATEx pin. The rising edge of the TGATEx pin completes the measurement, and if 
TGATEx is externally connected to TINx, causes the timer to capture the count value 
and generate a rising-edge Interrupt. 

• Bus Monitoring— The restart gate mode can det ect a sign al that is abnormally stuck 
low. The bus signal should be connected to the TGATEx pin. The timer count is reset 
on the falling edge of the bus signal, and if the bus signal does not go high again 
within the number of user-defined clocks, an interrupt can be generated. 

The gate function is enabled in the TMR, and the gate operating mode is selected in the 
TGCR. 

7.5.2.1 CASCADED MODE. In this mode (see Figure 7-7), two 16-bit timers can be 
internally cascaded to fomi a 32-bit counter. Timer 1 may be internally cascaded to timer 
2, and timer 3 may be internally cascaded to timer 4. Since the decision to cascade timers 
is made independently, the user may select such options as two 16-bit timers and one 32- 
bit timer. The TGCR is used to put the timers into cascaded mode. 



TIMER1 



TIMER2 



TRR, TCR. TCN CONNECTED TO DATA BUS A TRR, TCR, TCN CONNECTED TO DATA BUS 

PINS 31-16 I PINS 15-0 

CAPTURE 



TIMERS 



T 



TIMER4 



■aocK 



CLOCK 



TRR, TCR, TCN CONNECTED TO DATA BUS A TRR, TCR, TCN CONNECTED TO DATA BUS 



PINS31-16 ^. '.„^ PINS 15-0 

CAPTURE 

Figure 7-7. Timer Cascaded Mode Block Diagram 

If the CAS bit is set in the TGCR, the two timers function as a one 32-bit timer with one 
32-bit TRR, one 32-bit TCR, and one 32-bit TCN. In this case, TMR1 and/or TMR3 are 
ignored, and the modes are defined using TMR2 and/or TMR4. The capture will be 
controlled from TIN2 or TIN4. Interrupts will be generated from TER2 or TER4. 

When working in the cascaded mode, the cascaded TRR, TCR, and TCN should always 
be referenced with 32-bit bus cycles. 

7.5.2.2. TIMER GLOBAL CONFIGURATION REGISTER (TGCR). The TGCR is a 16-bit, 
memory-mapped, read/write register that contains configuration parameters used by all 
four timers. It allows starting and stopping any number of timers simultaneously if one bus 
cycle is used to access TGCR. The TGCR is cleared by reset. 
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CAS4 — Cascade Timers 
0= Normai Operation. 
1 = Timers 3 and 4 are cascaded to form a 32-bit timer. 

CAS2 — Cascade Timers 

= Normal Operation. 

1 = Timers 1 and 2 are cascaded to form a 32-bit timer. 

FRZ— Freeze 

= Tlie corresponding timer ignores tlie FREEZE pin. 

1 = Halt the corresponding timer if the FREEZE pin is asserted. (The FREEZE pin is 

asserted in background debug mode when the CPU32+ is enabled.) 

STP —Stop Timer 

= Normal operation. 

1 - Reduce power consumption of the timer. This bit stops all clocks to the timer, 

except the clock from the 1MB interface, which allows the user to read and write 
timer registers. The clocks to the timer remain stopped until the user clears this 
bit or a hardware reset occurs. 

RST— Reset Timer 

= Reset the corresponding timer (a software reset is identical to an extemal reset). 

1 = Enable the corresponding timer if the STP bit is cleared. 

Gl\/I2— Gate Mode for Pin 2 
This bit is only valid if the gate function is enabled in TMR3 or TMR4. 

= Restart gate mode. The TGATE2 pin is used to enable/disable the count. The 

falling ed ge of TGATE2 enables and restarts the count, and the rising edge of 
TGATE2 disables the count. 

1 = Normal g ate mode. This mode is the same as 0, except the falling edge of 

TGATE2 does not restart the count value in TCN. 

GM1— Gate Mode for Pin 1 
This bit is only valid if the gate function is enabled in TMR1 or TMR2. 

= Restart g ate mode. The TGATE1 pin is used to enable/disable c ount. A fa lling 

TGATE1 pin enables and restarts the count, and a rising edge of TGATE1 
disables the count. 

1 = Normal g ate mode. This mode is the same as 0. except the falling edge of 

TGATE1 does not restart the count value in TCN. 
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7.5.2.3 TIMER MODE REGISTER (TMR1, TMR2, TMR3, TMR4). TMR1-TMR4 are 
identical 16-bit, memory-mapped, read/write registers. Tliese registers are cleared by 
reset. 

NOTE 

The TGCR should be initialized prior to the TMRs, or erratic 
behavior may occur. The only exception is the RST bit in the 
TGCR, which may be modified at any time. 
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PS — Prescaler Value 
The prescaler is programmed to divide the clock input by values from 1 to 256. The 
value 00000000 divides the clock by 1 ; the value 11111111 divides the clock by 256. 

CE— Capture Edge and Enable Interrupt 

00 := Disable intermpt on capture event; capture function is disabled. 

01 = Capture on rising TINx edge only and enable interrupt on capture event. 
10 = Capture on falling TINx edge only and enable interrupt on capture event. 
11= Capture on any TINx edge and enable interrupt on capture event. 

CM— Output Mode 



= Active-low pulse o n TOUTx for one timer input clock cycle as defined by the ICLK 

bits. Thus, TOUTx may be low for one general system cloc k period , one general 
system clock/16 period, or one TINx pin clock cycle period. TOUTx changes 
occur on th e rising edg e of the system clock. 

1 = Toggle the TOUTx pin. TOUTx changes occur on the rising edge of the system 

clock. 

ORI — Output Reference Interrupt Enable 

= Disable interrupt for reference reached (does not affect interrupt on capture 

function). 

1 = Enable interrupt upon reaching the reference value. 

FRR— Free Run/Restart 

= Free run. The timer count continues to increment after the reference value Is 

reached. 

1 = Restart. The timer count is reset immediately after the reference value Is 

reached. 
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ICLK— Input Clock Source for the Timer 

00 = internally cascaded Input. 

For TMR1 , the timer 1 Input Is the output of timer 2. 
For TMR3, the timer 3 Input Is the output of timer 4. 
For TMR2 and TMR4, this selection means no input clock 
Is provided to the timer. 

01 = Internal general system clock. 

10= Internal general system clock divided by 1 6. 

11 = Corresponding TIN pin: TIN1, TIN2, TINS, or TIN4 (falling edge). 

GE— Gate Enable 




= The TGATE signal Is Ignored. 

1 = The TGATE signal is used to control the timer. 

7.5.2.4 TIMER REFERENCE REGISTERS (TRR1, TRR2, TRR3, TRR4). Each TRR Is a 
16-blt, memory-mapped, read-write register containing the reference value for the timeout. 
TRR1-TRR4 are set to all ones by reset. The reference value is not reached until TCN 
increments to equal TRR. 

7.5.2.5 TIMER CAPTURE REGISTERS (TCR1, TCR2, TCR3, TCR4). Each TCR Is a 16- 
bit register used to latch the value of the counter. TCR1-TCR4 appear as memory- 
mapped, read-only registers to the user. TCR1--TCR4 are set to all ones by reset. 

7.5.2.6 TIMER COUNTER (TCN1, TCN2, TCN3, TCN4). Each TCN is a 16-blt, memory- 
mapped, read-write up-counter. A read cycle to TCN1-TCN4 yields the current value of 
the timer, but does not affect the counting operation. A write cycle to TCN1-TCN4 sets the 
register to the written value, causing its corresponding prescaler to be reset. 

7.5.2.7 TIMER EVENT REGISTERS (TER1, TER2, TER3, TER4). Each TER Is a 16-blt 
register used to report events recognized by any of the timers. On recognition of an output 
reference event, the timer sets the REF bit in the TER, regardless of the corresponding 
ORI In the TMR. The capture event will be set only If enabled by the CE bits in the TMR. 
TER1-TER4, which appear to the user as memory-mapped registers, may be read at any 
time. 
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A bit Is reset by writing a one to that bit (writing a zero does not affect a bit's value). More 
than one bit may be reset at a time. Both bits must be reset before the timer will negate 
the interrupt to the CPM Interrupt controller. This register is cleared by reset. 

REF — Output Reference Event 

The counter has reached the TRR value. The ORI bit in the TIVIR is used to enable the 
Interrupt request caused by this event. 
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CAP— Capture Event 

The counter value has been latched into the TCR. The CE bits in the TMR are used to 
enable generation of this event. 

7.5.3. Timer Examples 

The following example lists the required initialization sequence of timer 2 to generate an 
interrupt every 10 ^s, assuming a general system clock of 25 MHz. This means that an 
interrupt should be generated every 250 system clocks. 

1 . TGCR - $0000. Put timer 2 into the reset state. Do not use cascaded mode. 

2. TMR2 = $001 A. Enable the prescaler of the timer to divide-by-1 and the clock 
source to general system clock. Enable an interrupt when the reference value is 
reached, and restart the timer to repeatedly generate 1 0-(xs interrupts. 

3. TCN2 = $0000. Initialize the timer 2 count to zero. This is the default state of this 
register. 

4. TRR2 = $OOFA. Initialize the timer 2 reference value to 250 (decimal). 

5. TER2 = $FFFF. Clear TER2 of any bits that might have been set. 

6. CIMR s: $00040000. Enable the timer 2 interrupt in the CPIVI interrupt controller. 
Initialize the CPM intermpt configuration register. 

7. TGCR = $001 0. Enable timer 2 to begin counting. 

To Implement the same function with a 32-bit timer using timer 1 and timer 2, the following 
sequence may be used: 

1 . TGCR = $0080. Cascade timer 1 and timer 2. Put timer 1 and timer 2 in the reset 
state. 

2. TMR2 - $001 A. Enable the prescaler of timer 2 to divide-by-1 and the clock source 
to general system clock. Enable an interrupt when the reference value is reached, 
and restart the timer to repeatedly generate 1 ^s interrupts. 

3. TMR1 = $0000. Enable timer 1 to use the output of timer 2 as its input, which is the 
default state of this register. 

4. TCN1 = $0000, TCN2 = $0000. Initialize the combined timer 1 and timer 2 count to 
zero which is the default state of this register. (This can be accomplished with one 
32-bit data move to TCN1 .) 

5. TRR1 = $0000, TRR2 = $OOFA. Initialize the combined timer 1 and timer 2 reference 
value to 250 (decimal). (This can be accomplished with one 32-bit data move to 
TRR1.) 

6. TER2 = $FFFF. Clear TER2 of any bits that might have been set. 

7. CIMR = $00040000. Enable the timer 2 interrupt in the CPM interrupt controller. 
Initialize the CPM interrupt configuration register. 

8. TGCR = $0091 . Enable timer 1 and timer 2 to begin counting. Leave the timers in 
cascaded mode. 
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7.6 IDMA CHANNELS 

The QUICC includes a number of DMA channels, including 14 SOMA channels for the 
four SCCs, two SMCs, and SPI and two general-purpose IDMA controllers. The SDMA 
channels are discussed in 7.7 SDMA Channels. The IDMA channels are discussed in the 
following paragraphs. 

The two general-purpose IDMA controllers can operate in different modes of data transfer 
as programmed by the user. The IDMA can transfer data between any combination of 
memory and I/O. In addition, data may be transferred in either byte, word, or long-word 
quantities, and the source and destination addresses may be either odd or even. The 
most efficient packing algorithms are used in the IDMA transfers. The single address 
mode gives the highest perfomnance, allowing data to be transferred between memory 
and a peripheral in a single bus cycle. The chip-select and wait-state generation logic on 
the QUICC may be used with the IDMA. 

The IDMA supports three buffer handling modes: single buffer, auto buffer, and buffer 
chaining. Single buffer mode is that of the traditional DMA controller. The auto buffer 
mode allows blocks of data to be repeatedly moved from one location to another without 
user intervention. The buffer chaining mode allows a chain of blocks to be moved. The 
user specifies the data movement using buffer descriptors that are similar to those used 
by an SCC. These buffer descriptions reside in the dual-port RAM. 

If the single buffer mode of the IDMA is used, programming the IDMA is very similar 
(although not exactly software compatible) to that of the IDMA on the MC68302 or the 
DMA controller on the MC68340. The auto buffer and buffer chaining modes, however, 
are not available on those devices, and the single address mode is not available on the 
MC68302. 

The maximum transfer rate of the IDMA is 50 Mbyte/sec. This assumes a 32-bit data 
transfer from memory to peripheral using fast termination (2 clocks per bus cycle) timing 
and single address mode: (4 Bytes x 25 MHz Clocks/sec)/(2 Clocks per Transfer) = 50 
Mbyte/sec. 

The maximum transfer rate of the IDMA in dual address mode is 25 Mbyte/sec. This 
assumes a 32-bit source and destination, fast termination (2 clocks per bus cycle) timing, 
and two bus cycles for each transfer: (4 Bytes x 25 MHz Clocks/sec)/(4 Clocks per 
Transfer) = 25 Mbyte/sec. 

The IDMA controller block diagram is shown in Figure 7-8. 
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Figure 7-8. IDMA Controller Block Diagram 

7.6.1 IDMA KEY FEATURES 

Tiie IDMA contains the following features: 

• Two Independent, Fully Programmable DMA Channels 

• Dual Address or Single Address Transfers with 32-Bit Address and 32-Bit Data 
Capability 

• Up to 50 Mbyte/sec Transfer Rates in Single Address Mode and 25 Mbyte/sec in Dual 
Address Mode (assuming a 25-MHz system clock) 
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• 32-Blt Byte Transfer Counters 

• 32-Bit Address Pointers That Can Increment or Remain Constant 

• Operand Pacl<ing and Unpadding for Dual Address Transfers using the Most Efficient 
Techniques 

• Supports All Bus-Termination Modes 

• Provides Full DMA Handshake for Cycle Steal and Burst Transfers 

• Supports Fixed and Rotating Priority Between IDMA Channels 

• Buffer Handling Modes: Single Buffer, Auto Buffer, and Buffer Chaining 

7.6.2 IDMA Registers 

Each IDMA channel has eight registers that define its specific operation. These registers 
include a 32-bit source address pointer register (SAPR), a 32-bit destination address 
pointer register (DAPR), an 8-bit function code register (FCR), a 32-bit byte count register 
(BCR), a 16-bit channel mode register (CMR), an 16-bit channel configuration register 
(ICCR), an 8-bit channel status register (CSR), and an 8-bit channel mask register 
(OMAR). These registers provide the addresses, transfer count, and configuration 
information necessary to set up a transfer. They also provide a means of controlling the 
IDMA channel and monitoring its status. All registers can be modified by the CPU32+ 
core. 

For the auto buffer and buffer chaining modes, the RISC controller uses a buffer 
descriptor ring to automatically initialize the DAPR, SAPR, and BCR. The buffer descriptor 
ring resides in dual-port RAM so that it may be accessed by the RISC controller without 
bus overtiead. 

The IDMA channel also includes a 32-bit data holding register (DHR), which Is not 
accessible to the CPU32+ core and is used by the IDMA for temporary data storage. 

7.6.2.1 IDMA CHANNEL CONFIGURATION REGISTER (ICCR). The 16-bit ICCR 
configures both IDMA channels. It is always readable and writable in the supervisor mode, 
although writing is not recommended unless the module is disabled. It Is initialized to 
$0000 at reset. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



STP 


FRZ 


ARBP 


ISM 


— 


lAID 


- 



STP—StopBit 

= The system clock operates normally within the IDMA. 

1 = Stop the system clock to the IDMA channels. This setting is used to conserve 






FRZ1-FRZ0— Freeze 
These bits detemiine the action to be taken when the FREEZE signal is asserted. The 
IDMA negates its internal bus request and keeps it negated until FREEZE is negated or 
the IDMA is reset. 
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00 = The IDMA channels ignore the FREEZE signal. 

01 = Reserved. 

10 = The IDMA channels freeze on the next bus cycle. 
11= Reserved. 

ARBP— Arbitration Priority 
These two bits select the arbitration priority between the two IDMA channels. 

00 = IDMA channel 1 has priority over channel 2. 

01 = IDMA channel 2 has priority over channel 1 . 
10= Rotating priority. 

1 1 = Reserved. 

ISM — Interrupt Service Mask 

These bits contain the interrupt service maslc. When the interrupt sen/ice level on the 
1MB is greater than the interrupt service mask, the IDMA vacates the bus and negates 
its bus request to the 1MB until the interrupt level service is less than or equal to the 
Interrupt service mask. 

NOTE 

The user should program ISM to 7 for typical user applications. 
This gives the IDMA priority over all interrupt handlers. 

Bits 7, 3-0— Reserved 

lAID— IDMA Arbitration ID 

These bits establish bus arbitration priority level among sub-blocks that have the 
capability of becoming bus master. In the QUICC, the IDMAs, the SDMAs, and the 
SIM60 DRAM refresh controller can become bus masters. An arbitration ID uses a 
number (0-7) to decide the priority of multiple bus masters that are requesting the 1MB. 
A is the lowest priority and a 7 is the highest priority. 

The value programmed into the lAID bits is the arbitration ID of the highest priority IDMA 
channel. The arbitration ID of the lowest priority IDMA channel is lAID minus 2. The 
ARBP bits determine which IDMA channel has the higher priority. If round-robin priority 
is selected, then the IDMA channels altemate between the two lAID values. 

Example: If ARBP = 00, selecting IDMA channel 1 to always have the highest priority, 
the lAID values are: 

IDMA channel 1 arbitration ID = lAID 

IDMA channel 2 arbitration ID = lAID - 2 

NOTES 

The user should program I AID to 2 in typical user applications. 
lAID should not be programmed to a value less than 2. This 
value should be less than the SDMA arbitration ID so that the 
SDMA channels have priority over the IDMA channels. 
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7.6.2.2 CHANNEL MODE REGISTER (CMR). Each IDMA channel contains a 16-bit CMR 
that is reset to $0000. It is used to configure most of the IDMA options. 
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ECO — External Control Option 
Dual Address Mode: this bit defines which device is connected to the control signals. 

= The control signals (DREQx, DACKx, and DONEx) are associated with the 

destination (write) p ortion of the trans fer. 

1 = The control signals (DREQx, DACKx, and DONEx) are associated with the source 

(read) portion of the transfer. 

Single Address Mode: this bit defines the direction of the transfer. 

= The dev ice writes to memory, and the control signals (DREQx, DACKx, and 

DONEx) are used by the device to provide data during the destination (write) 
portion of the transfer. 

1 = The dev ice reads from memory, and the control signals (DREQx, DACKx, and 

DONEx) are used by the device to write data during the source (read) portion of 
the transfer. 

NOTE 



If REQG is programmed to be internal (REQG = OX), DREQx Is Ignored. 
SRM — Synchronous Request Mode 



This bit controls how extemal devices may use the DREQx pin for IDMA service. This bit 
is only relevant for applications that use external request mode or use the external 
DONEx pin to terminate the IDMA operation. 



= Asynchronous request mode is selected. The DREQx and DONEx Input signals 

are Internally synchronized to the IDMA cloc k before the y are use d by the IDMA. 

1 = Synchronous request mode is selected. The DREQx and DONEx input signals 

are used by the IDMA without first being internally synchronized. This results in 
faster operation, but should only be used if setup and hold times can be met. 

S/D — Single/Dual Address Transfer 

= The IDMA channel runs standard dual address transfers. Each transfer requires 

at least two bus cycles. Data packing is performed using the DHR. 

1 = The IDMA channel runs single address transfers from a peripheral to memory or 

from memory to a peripheral. The transfer requires one bus cycle. The DHR is 
not used for these transfers because the data is transferred directly into the 
destination location. 

RCi — RiSC Conirois IDMA 

= Single Buffer Mode. The user programs all IDMA registers for each buffer 

transfer. 

1 = Auto buffer or buffer chaining mode. The RISC reconfigures the IDMA channel at 

the end of each buffer transfer according to the buffer descriptor ring. The choice 
between auto buffer and buffer chaining is made in the buffer descriptor itself. 
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REQG — Request Generation 
The REQG bits define what generates the requests for IDI\/IA activity over the bus. 

00 = Internal request at limited rate (limited burst bandwidth) set by BT bits 

01 = Internal request at maximum rate (on e burst) 

10= Extemal request burst transf er mode (DREQx is level sensitive) 
1 1 = Extemal request cycle steal (DREQx is edge sensitive) 

SAPI — SAPR Increment 

= SAPR is not incremented after each transfer. 

1 = SAPR is incremented by one, two, or four after each transfer, according to the 

SSIZE bits. (SAPR may be incremented by an amount less than the SSIZE value 
at the beginning or end of a blocl< transfer, depending on the source starting 
address or byte count.) 

DAPI — DAPR Increment 

0= DAPR is not incremented after each transfer. 

I = DAPR is Incremented by one, two, or four after each transfer, according to the 

DSIZE bits. (DAPR may be incremented by an amount less than the DSIZE value 
at the beginning or end of a blocl< transfer, depending on the destination starting 
address or byte count.) 

SSIZE — Source Size 
The following decoding shows the definitions for the SSIZE bits. The user should set 
these bits to the port size of the source (e.g., choose byte for an 8-bit peripheral). 

00= Long word 

01 = Byte 

10= Word 

11= Reserved 

DSIZE — Destination Size 

The following decoding shows the definitions for the DSIZE bits. The user should set 
these bits to the port size of the destination (e.g., choose byte for an 8-bit peripheral). 

00= Long word 
01 = Byte 
10= Word 

II = Reserved 

BT — Burst Transfer 

The BT bits control the maximum percentage of the 1MB that the IDIVIA can use during 
each 1024 clock cycle period after enabling the IDMA. 

00= IDMA gets up to 75% of the bus bandwidth. 

01 = IDMA gets up to 50% of the bus bandwidth. 

10= IDMA gets up to 25% of the bus bandwidth. 

11= IDMA gets up to 12.5% of the bus bandwidth. 
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NOTE 

These percentages are valid only when using Internal request 
generation (REQG = 00). 

RST— Software Reset 
This bit resets the IDMA to the same state as an external reset. The IDMA clears RST 
when the reset Is complete. 
0= Nomnal operation. 

1 = The channel aborts any external pending or running bus cycles and temfiinates 
channel operation. Setting RST clears ail bits in the CSR and CI\4R. 

NOTE 

The user should reset the IDMA channel prior to issuing the 
LPSTOP Instruction. 

STR— Start Operation 
This bit starts the IDMA transfer If the REQG bits are programmed for an Internal 
request. If the REQG bits are programmed for an ext emal req uest, this bit must be set 
before the IDMA will recognize the first request on the DREQx input. 

= Stop channel. Clearing this bit causes the IDMA to stop transferring data at the 

end of the current bus cycle. The IDMA internal state is not altered. 

1 = Start channel. Setting this bit allows the IDMA to start transferring data (or 

continue if previously stopped). 

NOTES 

STR is cleared automatically when the transfer Is complete. 

If the STR bit is cleared by software during the middle of an 
IDMA operand transfer, the IDMA will continue to hold the bit in 
a one state until the operand transfer has completed. Thus, if 
the user waits for the STR bit to be cleared after clearing it in 
software, he is assured that the values of SAPR, DAPR, and 
BCR accurately show the current state of the IDMA transfer. 

7.6.2.3 SOURCE ADDRESS POINTER REGISTER (SAPR). The SAPR contains 32 
address bits of the source operand used by the IDMA to access memory or memory- 
mapped peripheral controller registers. During the IDMA read cycle, the address on the 
master address bus Is driven from this register. The SAPR may be programmed by the 
SAPI bits to be incremented or remain constant after each operand transfer. 

Tk« rantetar ie im/HfAmAntarl iioln/v iinoinnorl orithmAti/^ onH MfMI rrtll rwiar if an nuorflniAl 

occurs. For example, if a register contains $FFFFFFFF and is incremented by one. It will 
roll over to $00000000. This register can be Incremented by one, two, or four, depending 
on the SSIZE bits and the starting address In this register. 
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The SAPR may be initialized by the host processor or by the RiSC controiler via a buffer 
descriptor's ring structure when the RCI bit is set for special buffer handling modes. 

7.6.2.4 DESTINATION ADDRESS POINTER REGISTER (DAPR). The DAPR contains 32 
address bits of the destination operand used by the IDI\/!A to access memory or memory- 
mapped peripheral controller registers. During the IDI\^A write cycle, the address on the 
master address bus is driven from this register. The DAPR may be programmed by the 
DAPI bits to be incremented or remain constant after each operand transfer. 

The register is incremented using unsigned arithmetic and will roll over if overflow occurs. 
For example, If a register contains $FFFFFFFF and is incremented by one, it will roll over 
to $00000000. This register can be incremented by one, two, or four, depending on the 
DSIZE bit and the starting address. 

The DAPR may be initialized by the host processor or by the RISC controiler via a buffer 
descriptor's ring structure when the RCI bit is set for special buffer handling modes. 

7.6.2.5 FUNCTION CODE REGISTER (FCR). Each IDMA channel has an 8-bit FCR that 
Is initialized to $00 at reset. 



DFC3-DFC0 


SFC3-SFC0 



During an IDMA bus cycle, the SFC and DFC bits define the source and destination 
function code values that are output by the IDMA and the appropriate address registers. 
The address space on the function code lines may be used by an external memory 
management unit (MMU) or other memory-protection device to translate the IDMA logical 
addresses to proper physical addresses. The function code value programmed into the 
FCR is placed on pins FC3-FC0 during a bus cycle to further qualify the address bus 
value. 

NOTES 

This register is typically set to 1xxx1xxxb to cause the IDMA to 
operate in the DMA function code space, as opposed to a CPU 
program or data space. 

To keep interrupt acl<nowledge cycles unique in the system, do 
not set this register to $77. 

7.6.2.6 BYTE COUNT REGISTER (BCR). This 32-bit register specifies the number of 
bytes of data to be transferred by the IDMA. The largest value that can be specified is 4 
Gbytes (BCR = $00000000). This register Is decremented once for each byte transferred 
successfully, for a total of 1, 2, or 4 per operand transfer. BCR may be even or odd as 
desired. The IDMA channel will terminate the transfer of a biocic of memory if this register 
reaches zero during operation. 

7.6.2.7 CHANNEL STATUS REGISTER (CSR). The CSR is an 8-bit register used to 
report events recognized by the IDMA controller. On recognition of an event, the IDMA 
sets its corresponding bit in the CSR, regardless of the corresponding bits in the CMAR. 
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The CSR is a memory-mapped register that may be read at any time. A bit is reset by 
writing a one and is left unchanged by writing a zero. More than one bit may be reset at a 
time, and the register is cleared by reset. 



— 


AD 


BRKP 


OB 


BES 


BED 


DONE 




Bits 7-6 — Reserved 

AD— Auxiliary Done 
This bit is valid in auto buffer and buffer chaining modes. It is set when the IDMA 
channel has completed a buffer transfer for a buffer descriptor (BD) that has its 1-bit set. 
For AD to be set, the BCR must have been decremented to zero with no errors 
occurring during any IDMA transfer bus cycle. The IDMA will then move to the next BD 
and continue to transfer data. 

BRKP— Breakpoint 
This bit indicates that the breakpoint signal was asserted during an IDMA transfer. This 
bit is cleared by writing a one or by reset. Writing a zero has no effect on BRKP. 

OB— Out of Buffers 

This bit is valid only when the RISC controls the IDMA (RCI bit in the CMR is set). It is 
set when working with the RISC controller and there are no more valid buffers out of 
which to transfer data. 

BES — Bus Error Source 

This bit indicates that the IDMA channel terminated with an error during the read cycle. 
The channel terminates the IDMA operation without setting DONE. BES is cleared by 
writing a one or by setting RST in the CMR. Writing a zero has no effect on BES. 

BED — Bus Error Destination 

This bit indicates that the IDMA channel terminated with an error during the write cycle. 
The channel terminates the IDMA operation without setting DONE. BED is cleared by 
writing a one or by setting RST in the CMR. Writing a zero has no effect on BED. 

DONE — Nomial Channel Transfer Done 

This bit indicates that the IDMA channel has terminated normally. Normal channel 
termination is defined as follows: 

1 . In single buffer mode, the BCR has decremented to zero, and no errors have 
occurred during any IDMA transfer bus cycle. 

? In buffer chalni.ng or autc buffer modes, the DCFl has ciecremeriied io zero, the L-bit 
in the BD has been set, and no errors have occurred during any IDMA transfer bus 
cycle. 

3. An external peripheral has asserted DONEx during an access by the IDMA to that 
peripheral and no errors have occurred during any IDMA transfer bus cycle. 
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DONE will not be set if the channel terminates due to an error. DONE is cleared by 
writing a one or by setting RST in the CMR. Writing a zero has no effect on DONE. 

7.6.2.8 CHANNEL MASK REGISTER (CMAR). The CMAR is an 8-bit, memory-mapped, 
read-write register that has the same bit fomnat as the GSR. If a bit in the CI\4AR is a one, 
the corresponding interrupt in the GSR will be enabled. If the bit is a zero, the 
corresponding interrupt in the GSR will be masked. GMAR is cleared at reset. 

7.6.2.9 DATA HOLDING REGISTER (DHR). This 7-byte register sen/es as a buffer 
register for the data being transferred during dual address IDMA cycles. No address for 
DHR is given since this register cannot be addressed by the programmer. The DHR 
allows the data to be packed and unpacked by the IDMA during the transfer. For example, 
if the source operand size is byte and the destination operand size is word, then two-byte 
read cycles occur, followed by a one-word write cycle. The two bytes of data are buffered 
in the DHR until the Word write cycle occurs. The DHR allows for packing and unpacking 
of operands for all possible combinations: bytes to words, bytes to long words, words to 
long words, words to bytes, long words to bytes, and long words to words. 

7.6.3 Interface Signals 



The IDMA has three d edicated control signals per ch annel: D MA request (DREQx), DMA 
acknowledge (DAGKx), and end of IDMA transfer (DONEx). The peripheral used with 
these signals may be either a source or a destination of the IDMA transfers. 

7.6.3.1 DREG AND DACK. These are the handshake signals between the peripheral 
requirin g service and the QUIGG. When the peripheral requires IDMA service, it asserts 
DREQx , and the QUIGG begins the IDMA process. When th e IDMA service is in progress, 
DAGKx is asserted during accesses to the device. DREQx is ignored when the IDMA is 
programmed to one of the intemal request modes. 

7.6.3.2 DONEx. This bidirectional open-drain signal is used to indicate the last IDMA 
transfer. DONEx is always an output of the IDMA if the transfer count is exhausted. 




DONEx may also operate as an input. If DONEx is externally asserted during internal 
request modes, the IDMA transfer is terminated. With external request modes, DONEx 
may be used as an input to the IDMA controller to indicate that the device being serviced 
requires no more transfers and the transmission is to be terminated. 

7.6.4 IDMA Operation 

Every IDMA operation involves the following steps: IDMA channel initialization, data 
transfer, and block termination. In the initialization phase, the core (or external processor) 
loads the registers with control information, initializes the IDMA BDs (if auto buffer or 
buffer chaining is used), and then starts the channel. In the transfer phase, the IDMA 
accepts requests for operand transfers and provides addressing and bus control for the 
transfers. The termination phase occurs when the operation is complete and the IDMA 
interrupts the core if interrupts are enabled. 
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To initialize a biocl< transfer operation, tlie user must initialize the IDMA registers. For the 
auto buffer and buffer chaining modes, the IDMA BDs must be initialized with infonnation 
describing the data block, device type, request generation method, and other special 
control options. See 7.6.2 IDMA Registers and 7.6.4.2.3 IDMA Commands (INITJDMA) 
for further details. 

7.6.4.1 SINGLE BUFFER. The single buffer mode is used to transfer only one buffer of 
data. W hen the buffer has been completely transferred (transfer count exhausted or 
DONEx is asserted), the IDMA channel operation is terminated, STR is cleared, and a 
maskable interrupt is generated by the DONE bit in the CSR. 

7.6.4.2 AUTO BUFFER AND BUFFER CHAINING. The auto buffer and the buffer 
chaining modes are supported with the RISC controller by setting the RCI bit in the CMR. 
The host processor should initialize the IDMA BD ring (see Figure 7-9) with the 
appropriate buffer handling mode, source address, destination address, and block length. 
The user then sets the STR bit in the CMR. All transfer modes described in 7.6.4.4.4 
External Cycle Steal are still valid. The function codes for the source and destination 
addresses are programmed as described in 7.6.2.5 Function Code Register (FCR). 




IDMA BD BASE 
ADDRESS (IBASE) 



SOURCE DEVICE OR 
DATA BUFFER 



SOURCE DEVICE OR 
DATA BUFFER 1 



SOURCE DEVICE OR 
DATA BUFFER 2 




SOURCE DEVICE OR 
DATA BUFFER N 



BD 



BD 1 



BD 2 



BD N 




DESTINATION DEVICE 
OR DATA BUFFER 



DESTINATION DEVICE 
OR DATA BUFFER 1 



DESTINATION DEVICE 
OR DATA BUFFER 2 



DESTINATION DEVICE 
OR DATA BUFFER N 



Figure 7-9. IDMA BD Ring 
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The data associated with each IDMA channel for the auto buffer and buffer chaining 
modes is stored in buffers. Each buffer is referenced by a BD. The BDs use a ring 
structure located in the dual-port RAM. 

7.6.4.2.1 IDMA Parameter Ram. When an IDMA channel is configured to the auto buffer 
or buffer chaining mode, the QUICC uses the IDMA parameters listed in Table 7-3. 

Table 7-3. IDMA Parameter Ram 



Address 


Name 


Width 


Description 


DMA Base + 00 


IBASE 


Word 


IDMA BD Base Address 


DMA Base + 02 


IBPTR 


Word 


IDMA BD Pointer 


DMA Base + 04 


ISTATE 


Long 


IDMA Internal State 


DMA Base + 08 


ITEMP 


Long 


IDMA Temp 



NOTE: The entry in boldface must be initialized by the user. 

The IBASE entry defines the starting location in the dual-port RAM for the set of IDMA 
BDs. It is an offset from the beginning of the dual-port RAM. The user must initialize this 
entry before enabling the IDMA channel. Furthermore, the user should not overlap BD 
tables of two enabled serial channels or IDMA channels, or erratic operation will result. 
IBASE should contain a value that is divisible by 16. 

The IBPTR entry points to the next BD that the IDMA will transfer data to when it is in 
IDLE state or points to the current BD during transfer processing. After a reset or when the 
end of an IDMA BD table is reached, the CP initializes this pointer to the value 
programmed in the IBASE entry. 

ISTATE and ITEMP are for RISC use only. 

7.6.4.2.2 IDMA Buffer Descriptors (BDs). Source addresses, destination addresses, and 
byte counts are presented to the RISC controller using special IDMA BDs. The RISC 
controller reads the BDs, programs the IDMA channel, and notifies the CPU32+ about the 
completion of a buffer transfer using the IDMA BDs. This concept is like that used for the 
serial channels on the QUICC, except that the BD is larger to contain additional 
infomiation. 






15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





OFFSET + 


V 


— 


W 


1 


L 


— 


CM 


— 


— 


— 


— 


— 


— 


SE 


DE 


DA 


OFFSET + 2 




OFFSET + 4 
OFFSET + 6 


DATA LENGTH 


OFFSET + 8 
OFFSET + A 


SOURCE DATA BUFFER POINTER 


OFFSET + C 
OFFSET + E 


DESTINATION DATA BUFFER POINTER 



NOTE: Entries in boldface must be initialized by the user. 
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The following bits are prepared by the user before transfer and are set by the RISC 
controller after the buffer has been transferred. 

V— Valid 

= The data buffers associated with this BD are not currently ready for transfer. The 

user is free to manipulate this BD or its associated data buffer. When it is not in 
auto buffer mode, the RISC controller clears this bit after the buffer has been 
transferred (or after an error condition is encountered). 

1 = The data buffers have been prepared for transfer by the user. (Note that only one 

data buffer needs to be prepared if the source/destination is a peripheral device.) 
It may be only the source data buffer when the destination is a device or the 
destination data buffer when the source is a device. No fields of this BD may be 
written by the user once this bit is set. 

NOTE 

The only difference between auto buffer mode and buffer 
chaining mode is that the V-bit is not cleared by the RISC 
controller in the auto buffer mode. Auto buffer mode is enabled 
by the CM bit. 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the table. 

1 = This is the last BD in the table. After the associated buffer has been used, the 
RISC controller will transfer data from the first BD in the table (pointed to by 
IBASE). The number of BDs in this table is programmable and is detenmined only 
by the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt is generated after this buffer has been serviced. 

1 = When this buffer has been sen/iced by the RISC controller the AD bit in the CSR 

will be set, which can cause an interrupt. 

L— Last 

= This is not the last buffer to be transferred in the buffer chaining mode. The 1-bit 

may be used to generate an interrupt when this buffer has been serviced. 

1 = This is the last buffer to be transferred in the buffer chaining mode. When the 

transfer count is exhausted, the START bit will be reset and an interrupt (DONE) 
will be generated, regardless of the 1-bit. 

CM — Continuous Mode 

= Buffer chaining mode. The RISC will clear the V-bit after this BD is serviced. The 
buffer chaining mods is ussd for iransfen Ing large quantities of data into 
noncontiguous buffer areas. The user can initialize BDs ahead of time, if desired. 
The RISC controller automatically reload s the IDM A registers from the next BD's 
values when the transfer is terminated. If DONEx is asserted by an external 
peripheral, the buffer will be closed, the STR bit will be reset, and the DONE bit 
will be set in the CSR, which can cause an interrupt. 
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1 = Auto buffer mode (continuous mode). The RISC will not clear the V-bit after this 
BD is serviced. This is the only difference between auto buffer mode and buffer 
chaining mode behavior. The auto buffer mode is used to transfer multiple 
groups of data to/from a buffer ring. This mode does not require reprogramming. 
The RISC controller automatically reloads the IDMA registers from the next BD 
values when the transfer is terminated. Either a single BD or multiple BDs may 
be used In this mode to create an infinite loop of repeated data moves. 

NOTE 

The 1-bit may still be used to generate an interrupt in this mode. 

The following bits are written by the RISC controller after it has finished receiving data 
from the associated data buffer. 

SE — Source Access Bus Error 
The buffer was closed due to a bus error on the source access. An interrupt (BES) will 
be generated, regardless of the 1-bit. The RISC will clear the V-bit of this BD. 

DE — Destination Access Bus Error 

The buffer was closed due to a bus error on the destination access. An interrupt (BED) 
will be generated, regardless of the 1-bit. The RISC will clear the V-bit of this BD. 

DA— Done Asserted During Transfer 




The buffer was closed due to the assertion of DONEx. An interrupt (DONE) will be 
generated, regardless of the 1-bit. The RISC will clear the V-bit of this BD. 

Data Length 
The data length is the number of bytes that the IDIVIA should transfer from/to this BD's 
data buffer. The data length should be programmed to a value greater than zero. 

Source Buffer Pointer 
The source buffer pointer contains the address of the associated source data buffer. 
The buffer may reside In either internal or external memory. 

NOTE 

In single address mode when the source is a device, this field 
is ignored. In dual address mode when the source is a device, 
this field should contain the device address. 



Destination Buffer Pointer 
The destination buffer pointer contains the address of the associated destination data 
buffer. The buffer may reside in either internal or external memory. 
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NOTE 

In single address mode when the destination is a device, this 
field Is ignored. In dual address mode when the destination is a 
device, this field should contain the device address. 

7.6.4.2.3 IDMA Commands (INITJDMA). This command causes the RISC controller to 
reinitialize its IDMA internal state to the condition it had after a system reset. The IDMA 
BD pointer Is reinitialized to the top of BD ring. When In the auto buffer and buffer chaining 
modes, the IDMA can be reset by setting the RST bit in the CMR and issuing the 
INITJDMA command. The INITJDMA command should only be executed in conjunction 
with the setting of the RST bit in the CMR. 

7.6.4.3 STARTING THE IDMA. Once the channel has been initialized with all parameters 
required for a transfer operation, it is started by setting the STR bit in the CMR. After the 
channel has been started, any register that describes the current operation may be read 
but not modified (SAPR, DAPR, FOR, or BCR). 

Once STR has been set, the channel is active and either accepts operand transfer 
requests in external mode or generates requests automatically in internal mode. When the 
first valid external request is recognized, the IDMA arbitrates for the bus. The DREQx 
input is ignored until STR is set. 

For th e single buffer mode, STR is cleared automatically when the BCR reaches zero or 
when DON Ex is asserted externally. For the other buffer handling modes see 7.6.4.8.2 
Auto Buffer Mode Termination and 7.6.4.8.3 Buffer Chaining Mode Termination. The 
STR is cleared in all modes if the IDMA cycle is terminated by a bus error. 

Channel transfer operation may be suspended at any time by clearing STR in software. In 
response, any operand transfer in progress will be completed, and the bus will be 
released. No further bus cycles will be started while STR remains cleared. During this 
time, the CPU32+ core may access IDMA internal registers to detemnine channel status or 
to alter operation. When STR is set again, if a transfer request is pending, the IDMA will 
arbitrate for the bus and continue normal operation. 

Interrupts from the IDMA are sent to the interrupt controller. In the Interrupt handler, the 
unmasked bits in the CSR should be cleared (by writing them with a one) to negate the 
interrupt request to the CPM interrupt controller. 

7.6.4.4 REQUESTING IDMA TRANSFERS. Once the IDMA has been started, the 
transfers can be requested to the IDMA. 

IDMA transfers may be initiated by either internally or externally generated requests. 
intAmaiix/ nfinftratftH r^Tj8sts CBH b9 InltlBt^d b" S9ttin'^ STR in the CMR or In auto buffer 
and buffer chaining modes, by also setting RCI in the CMR and preparing a data buffer to 
the RISC co ntroller. Externally generated transfers are those requested by an external 
device using DREQx in conjunction with the activation of STR. 
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7.6.4.4.1 Internal Maximum Rate. The first method of intemal request generation is a 
nonstop transfer untii the transfer count is exhausted. If this method is chosen, the IDMA 
will arbitrate for the bus and begin transferring data after SIR is set and the IDMA 
becomes the bus master. Durin g each a ccess to the device (detemiined by the ECO bit in 
the CMR), the IDMA will assert DACKx to indicate to the device that it is being serviced. If 
no exception occurs, all operands in the data block will be transferred in one burst with the 
IDMA using 100% of the available bus bandwidth (unless a higher priority bus master 
requests the bus or a higher priority interrupt requests service). See 7.6.2.2 Channel 
Mode Register (CMR) for more detail. 

7.6.4.4.2 internal Limited Rate. To guarantee that the IDMA will not use all the available 
system bus bandwidth during a transfer, internal requests can be limited to the amount of 
bus bandwidth allocated to the IDMA. Programming the REQG bits to internal limited rate 
and the BT bits to determine the percentage of bandwidth achieves this result. The 
options are 12.5%, 25%, 50%, or 75% of the bus. As soon as STR is set, the IDMA 
module arbitrates for the bus and begins to transfer data when it becomes bus master. 
During each ac cess to the device (determined by the ECO bit In the CMR), the IDMA will 
assert DACKx to indicate that it is being sen/iced. If no exception occurs, transfers will 
continue normally, but the IDMA will not exceed the percentage of bus bandwidth 
programmed into the control register. The percentage Is calculated over each ensuing 
1024 intemal clock cycle period. 

For example, if 12.5% is chosen, the IDMA will attempt to use the bus for the first 128 
clocks of each 1024 clock cycle period. However, because of other bus masters or higher 
priority interrupts, the IDMA may not be able to take Its 128 clock allotment in a single 
burst. If, for whatever reason, the IDMA is not able to take Its full 128 clock allotment in a 
1024 clock cycle period, the IDMA is still only granted a 128 clock allotment in the next 
1 024 clock cycle period. 

7.6.4.4.3 External Burst Mode. For external devices requiring very high data transfer 
rates, the extemal burst mode allows the IDMA to use all of th e bus bandwidth to service 
the device (see Figure 7-10). In the burst mode, the DREQx Input to the IDMA Is level- 
sensitive and is sampled at falling edges of the clock to determine when a v alid request is 
asserted by the device. The device requests service by asserting DREQx an d leaving it 
asserted, in response, the IDMA begins to arbitrate for the system bus. If DREQx is 
negated prior to the IDMA winning the bus, the IDMA will cease requesting the bus. If 
D REQx is negated long enough for the IDMA to win the bus, cycles will continue as long 
as DREQx is asserted and no higher priority bus master or interrupt occurs. 
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NOTES: 



1 . This example assumes dual address mode. In single address mode, the DREQx sample points would occur 
in every IDMA cycle. 

2. This example assumes SRM s 1 in the CMR. if SRM = 0, DREQx would have to be asserted and negated one 
clock earlier that what Is shown to allow it to be internally synchronized by the IDMA before it is used. 
Alternatively, the timing shown would be correct for the SRM » case if a wait state were included (between 
S3 and S4) In all cycles shown above. 

Figure 7-10. External Burst Requests 

Each time the IDM A issues a bus cycle to either read or write the device, the IDMA will 
output the DACKx signal. The device is either the sour ce or destination of the transfers, as 
determined by the EC O bit in the CMR. The DACKx timing is similar to the timing of the 
AS pin. Thus, DACKx is the acknowledgment of the original burst request given on the 
DREQx pin. 



During each access to the device (i.e., DACKx is asserted), the IDMA will sample DREQx 
at the S 3 falling edge of the bus cycle to det ermine w hether the burst should continue. If 
DREQx is asserted, the burst continues. If DREQx is negat ed, the b urst ceases, and 
a nother o perand transfer to/from the device does not occur until DREQx is asserted again. 
If DREQx is negated, but not in time to stop the burst on this bus cycle, one additional bus 
cycle to the device will occur before the IDMA stops the burst. 
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NOTES 

Because DACKx timing is simila r to ^timing, tiie us er typica lly 
uses the assertion of DACKx as an indication that DREQx is 
negated. 



To meet t he S3 sa mpling ti me, DREQ x should be negated no 
later than DSACKx because DSACKx pins are also sampled at 
falling S3 to detemnine the end of the bus cycle. 

The previous paragraphs discuss the general rules; however, important special cases are 
discussed in the following points: 

1 . The sample point at the S3 falling edge means the last S3 before the S4 edge that 
completes the cycle. Thus, if wait states are inserted in the bus cycle, the sample 
point is later in the cycle. 

2. The sample point at S3 assumes that the required setup time is met, as defined in 
Section 10 Electrical Characteristics. 



3. If SRM is cleared in the CMR (defaul t conditio n), then DREQx is synchronized 
intemally before it is used; therefore, DREQx must be negated one clock earlier than 
the S3 falling edge to be recognized on that cycle. 

4. If operand packing is performed, the user does not need to negate DREQx on any 
particular access to the device. For i nstance, if the source is a 32-bit memory and 
the destination is an 8-bit peripheral, DREQx can be negated on the first , second, 
third, or fourth byte access to the peripheral. In each case, if the DREQx negation 
timings are met, the IDMA will stop accessing the peripheral immediately with no 
additional bus cycles to the peripheral. Accesses to the peripheral will resume when 
DREQx is asserted. 




5. If operand packing is perfomned and the peripheral is the source and DREQx is 
negated to stop the burst, the IDMA will attempt to empty the contents of the DHR 
(by performing one additional write cycle to memory) before giving up the bus. The 
IDMA attempts to minimize the contents of the DHR between burst requests. 

6. If the access to the device is a fast termination access, the DREQx negation timing 
cannot be met, and one additional bus cycle will always occur to the device before 
the burst stops. 

7.6.4.4.4 External Cycle Steal. For external devices that generate a pulsed signal for 
each operand to be transferred, the external cycle steal mode should be use d. In ext emal 
cycle steal mode, the IDMA mov es one o perand for each falling edge of the DREQx input 
(see Figure 7-11). In this mode, DREQx Is sampled at each falling edge of the clock to 
determine when a valid request is asserted by the device. When the IDMA detects a 
falling edge on DREQx, a request becomes pe nding an d remains pending until it is 
serviced by the IDMA. Further falling edges on DREQx are ignored until the request 
begins to be serviced. The servicing of the request results in one operand being 
transferred. The operand will be transferred in back-to-back read and write cycles as long 
as no other higher priority bus master or interrupt occurs between the bus cycles. 
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NOTES: 

1. This example assumes dual address mode. In single address mode, the DREQx sample points would occur in 
every IDMA cycle. 

2. This example assumes SRM = 1 in the CMR. If SRM = 0, DREQx would have to t)e asserted one clock earlier arKl 
remain asserted for one dock longer than what is sh own to a llow it to be intemall y synchr onized by the IDMA 
before it Is used. Alternatively, the user could assert DREQx as shown and keep DREQx asserted for one 
addittonal dock in the SRM s o case, if a wait state were induded (between S3 and 84) in all cydes shown above. 

3. The sample point for 'ANQTHER REQUEST' determines that another IDMA transfer will occur following the current 
IDMA operand transfer. During that time, if the IDMA remains the highest priority bus master of the 1MB, the trans- 
fers will occur back-to-back as shown. 

Figure 7-1 1 . External Cycle Steal 

Each time the IDM A issues a bus cycle to either read or write the device, the IDMA will 
output the DACKx signal. The device is either the sour ce or destination of the transfers, as 
determined b y the EC O bit in the CMR. The DACKx timing is similar to the timing of the 
AS pin. Thu s, DACKx is the acknowledgment of the original cycle steal request given on 
the DREQx pin. 

It is possible to cause the IDMA to perform back-to-back cycle steal requests. To achieve 
this, DREQx should be asserted to generate the first r equest, n egated, and reasserted 
during the access to the device. If the IDMA detects that DREQx is r easserte d prior to the 
S3 falling edge of the bus cycle to the device (i.e.. bus cycle when DACKx is asserted), 
then another b ack-to-b ack cycle steal request will be performed. Otherwise, the bus is 
relinquished. If DREQx was not reasserted soon enough, a new request will be made to 
the IDMA, but the bus will be relinquished and re-requested by the IDMA. 
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NOTE 

To generate back-to- back cyc le steal requests, DREQx should 
be reasserted after DACKx Is asserted, but before the S3 
falling edge. Instead of saying before the S 3 falling e dge, one 
cou ld also sa y before or with the assertion of DSACKx because 
the DSACKx pins are also sampled at falling S3 to detemiine 
the end of the bus cycle. 

The previous paragraphs discuss the general rules; however, important special cases are 
discussed in the following points: 

1 . The sample point at the S3 falling edge means the last S3 before the S4 edge that 
completes the cycle. Thus, if wait states are inserted in the bus cycle, the sample 
point is later in the cycle. 

2. The sample point at S3 assumes that the required setup time is met, as defined in 
Section 10 Electrical Characteristics. 



3. If SRM is cleared in the CMR (defaul t conditio n), then DREQx is synchronized 
intemally before it is used; therefore, DREQx must be reasserted one clock earlier 
than the S3 falling edge to be recognized on that cycle and generate a back-to-back 
request. 

7.6.4.5 IDMA BUS ARBITRATION. Once the IDMA receives a request for a transfer, it 
begins arbitrating for the 1MB. (The four request types are intemal maximum rate, internal 
limited rate, extemal burst, and external cycle steal.) 

On the QUICC, the IDMAs, SDMAs, and DRAM refresh controller, called internal masters, 
have the capability to become bus master. To determine the relative priority of these 
masters, each is given an arbitration ID. The user programs the arbitration ID (a value 
between and 7) of the IDMAs into the ICCR. The arbitration IDs of the two IDMAs must 
be different by a value of 2 (e.g., IDMA1 ID =2 and IDMA2 ID = 0). These values are used 
to determine the relative priority of the IDMA channel and the other intemal bus masters. 

NOTE 

Typically, the IDMA IDs are configured by the user to be the 
lowest of the intemal bus masters. 

1MB bus masters request bus ownership on a per-cycle basis. Thus, on each bus cycle, 
the 1MB is given to the highest priority bus master requesting the bus. External bus 
masters may also request the bus and obtain priority over the intemal bus masters. 

In addition, on the QUICC, interrupts may take priority over bus masters. Thus, another 
condition for the IDMA to obtain the bus is for the interrupt service level on the 1MB to be 
less than or equal to the interrupt sen/ice mask (ISM bits) in the ICCR. 

If the CPU32j- is enabl ed, the ID MA bus arbitration sequence is like that shown in Figure 
7-12. The BR, BG, and BGACK signals are not affected during the arbitrati on seque nce. 
The onl y external indication of an IDMA bus request is the bus clear out (BCLRO) pin. 
BCLRO is only available externally if programmed in the SIM60 port E pin assignment 
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register. Additionally, BCLRO is only asserted if the IDMA ID for that channel is greater 
than the value progra mmed in to the BCLROID2-BCLROID0 bits in the SIM60 module 
configuration register. BCLRO can be u sed to c lear off an external bus master from the 
external bus, if desired . For instance, BCLRO can be connected through logic to the 
extemal master's H ALT sign al, and then negated externally when the extemal master's AS 
signal is negated. BCLRO is negated during S2 of the final IDMA bus cycle before it 
relinquishes the bus. 
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NOTES: 

1 . The BCLRO signal Is only as. 
the BCLROID2::BCLROID0b 


sertedifthelDMAbusa 
its In the SIM60 module 


rbitration ID Is greater tr 
configuration register. 


lan 



2. Note that the BR, BQ, and BGACK signals are not affected by the IDMA bus arbi- 
tration process If the CPU32+ Is enabled. 

Figure 7-12. IDMA Bus Arbitration (Normal Operation) 



The relative priority between the two I DMAs and SDMA channels is user programmable. 
Regardless of the system configuration, if the SDMA is a bus master when a higher 
priority IDMA channel needs to transfer over the bus, the IDMA will steal cycles from the 
SDMA with no arbitration overhead. 

When the QIJICG |s |n .sl?.v9 rnod6 'CPU-32-f diSBb!9d\ th8 IDMA CHP ste^l cycles from 
the SDMA with no arbitration overhead. See Section 4 Bus Operation for diagrams of 
bus arbitration by an internal master in slave mode. 



Additionally, when the QUICC is in slave mode, the BCLRI pin can be used to force the 
IDMA and other internal bus masters off the bus. The BCLRI pin is assigned an arbitration 
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ID in slave mode to allow a selection of which internal bus masters a re allow ed to be 
forced off the bus. An applicatio n of th is capability Is to connect the BCLRO pin of a 
QUICC in normal operation to the BCLRI pin of a QUICC in slave mode. This configuration 
allows the user to implement capabilities such as giving all SOMA channels priority over 
all IDMA channels in the system. 

7.6.4.6 IDMA OPERAND TRANSFERS. Once the IDMA successfully arbitrates for the 
bus, it can begin mailing operand transfers. The source IDMA bus cycle has timing 
identical to an internal master read bus cycle. The destination IDMA bus cycle has timing 
identical to an internal master write bus cycle. 

The two-channel IDMA module supports dual and single address transfers. The dual 
address operand transfer consists of a source operand read and a destination operand 
write. Each single address operand transfer consists of one external bus cycle, which 
allows either a read or a write cycle to occur. 

7.6.4.6.1 Dual Address Mode. The two IDMA channels can each be programmed to 
operate in a dual address transfer mode (see Figure 7-13). In this mode, the operand is 
read from the source address specified in the SAPR and placed in the DHR. The operand 
read may take up to four bus cycles to complete because of differences in operand sizes 
of the source and destination. The operand is then written to the address specified in the 
DAPR. This transfer may also be up to four bus cycles long. In this manner, various 
combinations of peripheral, memory, and operand sizes may be used. 

The dual address tra nsfers c an be started either by the inte rnal req uest mode or by an 
external device using DREQx. When the external device uses DREQx, the channel can be 
programmed to operate in either the cycle steal or burst transfer modes. See 7.6.4.4.3 
External Burst Mode and 7.6.4.4.4 External Cycle Steal for information about these 
modes. 
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Figure 7-13. Dual Address Transfer Example 
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Dual Address Source Read. During this type of IDIVIA cycle, the SAPR drives the 
address bus, the FCR drives the source function codes, and the CI\/IR drives the size 
control. Data is read from the memory or peripheral and placed in the DHR when the bus 
cycle is temiinated. When the complete operand has been read, the SAPR is incremented 
by 1 , 2, or 4, depending on the address and size information specified by the SAPI and 
SSIZE bits of the CMR. See 7.6.2.3 Source Address Pointer Register (SAPR) for more 
infomnation. 

Dual Address Destination Write. During this type of IDI\/iA cycle, the data in the Di-JR is 
written to the device or memory selected by the address in the DAPR, the destination 
function codes in the FCR, and the size in the CMR. The same options exist for operand 
size and alignment as in the dual address source read. When the complete operand is 
written, the DAPR is incremented by 1 , 2, or 4, according to the DAP! and DSIZE bits of 
the CMR, and the BTC is d ecremented by the number of bytes transfenred. If the BTC is 
equal to zero, the DONEx signal for the IDMA handshake is asserted, and if the transfer is 
completed with no errors, the DONE bit in the CSR is set. See 7.6.2.4 Destination 
Address Pointer Register (DAPR) and 7.6.2.6 Byte Count Register (BCR) for more 
infomnation. 

Dual Address Pacidng. When dual address mode is selected, the IDMA can perform 
packing. Regardless of the source size, destination size, source starting address, or 
destination starting address, the IDMA will use the most efficient packing algorithm 
possible to perform the transfer in the fewest possible number of bus cycles. 

NOTE 

The packing algorithms are subject to the restriction that the 
IDMA never perfonns 3-byte transfers. 

Three examples of the packing technique follow. 

Example 1 . This simple example shows how packing is performed when the source and 
destination sizes are the same— word. The source address is $00000001 , and the 
destination address is $20000000. The number of bytes to be transferred is 4. 

IDMA channel 1 initialization required for this example: 
iCCR = $0720. Recommended nonnal configuration. 
FCR1 = $89. Source function code is 1000; destination function code is 1001. 
SAPR1 = $00000001. Source address: 
DAPR1 = $20000000. Destination address. 
BCR1 = $00000004. Byte transfer count. 
CSR1 = $rr. Clear any CSR bits thai are curreniiy set. 
CMAR1 = $00. Disable interrupts for this example. 
CMR1 = $47A1 . Internal maximum transfer rate; starts IDMA. 
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Bus Access # 


Address (Hex) 


Operation 


No. Bytes 


No. Bytes In DHR 


1 


$00000001 


Read 


1 


1 


2 


$00000002 


Read 


2 


3 


3 


$20000000 


Write 


2 


1 


4 


$00000002 


Write 


1 






Example 2. This more complicated example shows how paci<ing is performed when the 
source and destination sizes are the same — long word. This example also shows the 
entire 7-byte DHR in use. The source address is $00000000, and the destination address 
is $20000003. The number of bytes to be transferred Is 16. 

IDMA channel 1 initialization required for this example: 
ICCR = $0720. Recommended normal configuration. 
FCR1 = $89. Source function code is 1000; destination function code is 1001. 
SAPR1 = $00000000. Source address. 
DAPR1 = $20000003. Destination address. 
BCR1 = $00000010. Byte transfer count. 
CSR1 = $FF. Clear any CSR bits that are currently set. 
CI\^AR1 = $00. Disable interrupts for this example. 
CMR1 = $4701 . Internal maximum transfer rate; starts IDMA. 




Bus Access # 


Address (Hex) 


Operation 


No. Bytes 


No. Bytes In DHR 


1 


$00000000 


Read 


4 


4 


2 


$20000003 


Write 


1 


3 


3 


$00000004 


Read 


4 


7 


4 


$20000004 


Write 


4 


3 


5 


$00000008 


Read 


4 


7 


6 


$20000008 


Write 


4 


3 


7 


$00000000 


Read 


4 


7 


8 


$20000000 


Write 


4 


3 


9 


$20000010 


Write 


2 


1 


10 


$20000012 


Write 


1 






Example 3. This example shows how packing operates when the source and destination 
sizes are different. The source address is $00000002, and the destination address is 
$20000002. The source size is long word, and the destination size is byte. The number of 
bytes to be transferred is 8. 
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IDMA channel 1 initialization required for this example: 
ICCR = $0720. Recommended normal configuration. 
FCR1 = $89. Source function code is 1000; destination function code is 1001 , 
SAPR1 = $00000002. Source address. 
DAPR1 = $20000002. Destination address. 
BCR1 = $00000008. Byte transfer count. 
CSR1 = $FF. Clear any CSR bits that are currently set. 
CMAR1 = $00. Disable interrupts for this example. 
CMR1 = $4711. Intemal maximum transfer rate; starts IDMA. 




Bus Access « 


Address (Hex) 


Operation 


No. Bytes 


No. Bytes in DHR 


1 


$00000002 


Read 


2 


2 


2 


$20000002 


Write 




1 


3 


$20000003 


Write 







4 


$00000004 


Read 


4 


4 


5 


$20000004 


Write 




3 


6 


$20000005 


Write 




2 


7 


$20000006 


Write 




1 


8 


$20000007 


Write 







9 


$00000008 


Read 


2 


2 


10 


$20000008 


Write 




1 


11 


$20000009 


Write 








7.6.4.6.2 Single Address Mode (Flyby Transfers). Each IDMA channel can be 
independently programmed to provide single address transfers. Figure 7-14 illustrates a 
transfer from memory to a peripheral. The DHR is not used by the IDMA, since the 
transfer occurs directly from a device to memory. This mode is often referred to as "flyby" 
mode because the DHR is not used. 
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Both internal and external request modes can be used to start a transfer when the single 
address mode is selected (see Figure 7-15). The ECO bit in the CIVIR controls whether a 
source read or a destination write cycle occurs on the data bus. If the ECO bit is set, the 
external handshake signals are used with the source operand, and a single address 
source read occurs. If the ECO bit is cleared, the external handshake signals are used 
with the destination operand, and a single address destination write occurs. 
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NOTE: 

1. Thjs example assumes the peripheral Is being written. If the peripheral Is being read, 
R/W would be low during the transfers; 

2. This example shows the operation of DREG In two different modes. 

3. This example assumes that SRM = in the CMR. Othenwise, DREQx would not be 
recognized by the IDMA until it had been sampled on two consecutive failing edges of 
the cloci<. 

Figure 7-15. Single Address l\Aode Timing 

Single Address Source Read. During the single address source read cycle, the device or 
memory selected by the address in the SAPR, the source function codes in the FCR, and 
the size in the CIVIR provides the data and control signals on the data bus. This bus cycle 
operates like a nor mal read bus cyc le. T he destin ation device is co ntrolled by the IDMA 
handshake signals (DREQx, DACKx, and DONEx). The assertion of DACKx provides the 
write control to the destination device. For more details about the IDMA handshake 
signals, see 7.6.3 interface Signals. 

Single Address Destination Write. During the single address des tination write cycl e, the 
source device is controlled by the IDMA handshake signals (DREQx, DACKx, and 
DONEx). When the source device requests service from the IDIVIA channel, the IDMA 
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asserts of DACKx to allow the source device to drive data onto the data bus. The data Is 
written to the device or to memory selected by the address in the DAPR, the destination 
function codes in the FOR, and the size in the CMR. The data bus is placed in a high- 
impedance state for this write cycle. For more details about the IDMA handshake signals, 
see 7.6.3 Interface Signals. 

7.6.4.6.3 Fast-Termination Option. While in the operand transfer phase, the IDMA 
supports an option to achieve a transfer in the shortest possible number of clocks (see 
Figure 7-16). 
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NOTE: This example shows a fast termination on the write cyde. The fast temnination 
may occur on the read, write, or both. 

Figure 7-16. Fast Termination Example 

Using the SIM60 chip-select logic, the fast-termination option can be employed to give a 
fast bus access of two clock cycles rather than the standard three-cycle access time. The 
fast-termination option is described in Section 6 System Integration Module (SIM60) 

Cll lU III «^CWU\/ll ^ I^UO ^^|^«2IC1U\^II. 

if the fast-temnination option is used with external request burst mode, an extra IDMA 
cycle results on every burst tra nsfer. In the burst mo de with fast termination selected, a 
new cycle starts even if DREQx negation and DACKx assertion occur simultaneously. 
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7.6.4.6.4 Externally Recognizing IDMA Operand Transfers. There are several methods 
to externally determine that a bus cycle is being executed by the IDMA: 

1. The function code lines may be programmed to a unique function code that identifies 
an IDMA transfer. 



2. The BCLRO pin can be used to show when the bus request is made. BCLRO is 
negated during the final access by the IDMA before relinquishing the bus. 

3. The DACKx signal shows accesses to the peripheral device. DACKx will operate 
even in the internal request modes and will activate on either the source or 
destination bus cycles, depending on the ECO bit in the CMR. 

NOTE 

Items 1 and 2 may also be used by the SDMA channels. 

7.6.4.7 BUS EXCEPTIONS. While the IDMA has the bus and is performing operand 
transfers, it is possible for bus exceptions to occur. 

In any computer system, the possibility exists that an error will occur during a bus cycle 
due to a hardware failure, random noise, or an improper access. When an asynchronous 
bus structure, such as that supported by the M68000 is used, it is easy to make provisions 
allowing a bus master to detect and respond to errors during a bus cycle. The IDMA 
recognizes the same bus exceptions as the CPU32+ core: reset, bus error, halt, and retry. 

7.6.4.7.1 Reset. Upon an external reset, the IDMA Immediately aborts the channel 
operation, returns to the idle state, and clears CSR and CMR (including the STR bit). If a 
bus cycle is in progress when reset is detected, the cycle is terminated, the control and 
address/data pins are three-stated, and bus ownership is released. The IDMA can also be 
reset by RST in the CMR. 

7.6.4.7.2 Bus Error. When a fatal error occurs during a bus cycle, a bus error exception is 
used to abort the cycle and systematically terminate that channel's operation. The IDMA 
terminates the current bus cycle, signals an error in the CSR using either the BES or BED 
bit, and signals an Interrupt if the corresponding bit in the CMA R is se t. The IDMA clears 
STR and waits for a restart of the channel and the negation of BERR before starting any 
new bus cycles. Any data that was previously read from the source into the DHR will be 
lost. 

NOTE 

Any device that is the source or destination of the operand 
under IDMA handsh ake co ntrol for single address transfers 
may need to mon itor BE RR to detect a bus exception for the 
current bus cycl e. BERR terminates the cycle immediately and 
negates DACKx, which is used to control the transfer to or from 
the device. 




7.6.4.7.3 Retry. When HALT and BERR are asserted during a bus cycle, the IDMA 
tenninates the bus cycle, releases the bus, and suspends further operation until these 
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signals are negated. When HALT and BERR are negated, the IDMA will arbitrate for the 
bus, re-execute the previous bus cycle, and continue nomnal operation. 

If the IDMA has obtained the 1MB and is also waiting to obtain the external bus, but the 
external bus master perfomis an access to a location internal to the QUICC, the IDMA will 
relinquish the 1MB and retry the cycle once it has obtained the 1MB. 

7.6.4.8 ENDING THE IDMA TRANSFER. If no bus exceptions occur, the IDMA eventually 
finishes the transfer of a block of data. These paragraphs describe normal termination in 
more detail. (Tennination by error is discussed in 7.6.4.7.2 Bus Error.) 

The IDMA channel operation experiences normal termination when the BCR Is 
decrem ented to zero or the external device signals a termination of the transfer using 
DONEx. These terminations are independent of how requests are generated to the IDMA. 

Additionally, the user may stop the IDMA channel by clearing STR. However, this is 
considered a suspension of activity, rather than normal termination, since the transfer 
resumes when STR is set once again. 

The user may also temilnate the transfer by setting the RST bit in the CMR; however, this 
Is not a nomial termination of IDMA activity. 

Further description of normal tennination depends on the mode of the IDMA: single buffer 
mode, auto buffer mode, and buffer chaining. These modes are described in the following 
paragraphs. 

7.6.4.8.1 Single Buffer Mode Termination. The following methods may be used to 
tenninate an IDMA transfer in the single buffer mode. They may also be used to terminate 
a current BD transfer in the auto buffer and buffer chaining modes. 

Transfer Count Exhausted. When the channel performs an operand transfer, it 
decrements the BCR for each byte transferred successfully. When the BCR is 
decremented to zero, the transfer is terminated. W hen the l ast bus cycle of the transfer 
occurs (either a byte, word, or long-word access), DONEx is asserted during t hat bus 
cycle. If the device is the source, further de stination accesses will take place after DONEx 
is asserted. If the device is the destination, DONEx will be asserted on the final bus cycle 
of the destination write. 

NOTE 



This beh avior of DONEx also applies to memory-to-memory 
transfers. DONEx is asserted on either the last source or 
destination bus cycle, as determined by the ECO bit in the 
CMR. 

When the operand transfer has completed and the BCR has been decremented to zero, 
the channel operation is terminated, STR is cleared, and a DONE bit interrupt is 
generated if the corresponding CMAR bit is set. The SAPR and/or DAPR are also 
incremented In the nomial fashion. 
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NOTE 

If the channel was started with the BCR value set to zero, the 
channel will transfer 4 G bytes before the transfer count is 
exhausted. 



External Device Termination. If the DONEx pin Is asserted externally , a trans fer may be 
terminated by the device even before the BCR is decremented to zero. DONEx is sampled 
by the IDMA on the access to the device. 

NOTE 



This beh avior of DONEx also applies to memory-to-memory 
transfers. DONEx is sampled on either the source or destination 
bus cycles, as determined by the ECO bit in the CMR. 



If DONEx is asserted on a bus cycle to a source d evice, th e destination accesses will be 
performed before the IDMA tenninates transfers. If DONEx is asserted during a bus cycle 
to a destination device, no further IDMA bus cycles occur, and the IDMA terminates 
transfers. 



The ID MA samp les DONEx on the S3 failing edge of the bus cycle. Thus, t he user s hould 
assert DONEx at least one setup time before the S3 falling edge for DONEx to be 
recognized on that bus cycle. 

NOTES 




Because DACKx t iming is similar to AS timing, th e user us es 
the assertion of DACKx as an indication that DONEx is 
asserted. 



To meet t he S3 sa mpling time, DONEx should be asserted no 
later than DSACKx because the DSACKx pins are also sampled 
at falling S3 to determine the end of the bus cycle. 

The previous paragraphs discuss the general rules; however, important special cases are 
discussed in the following points: 

1 . The sample point at the S3 falling edge means the last S3 before the S4 edge that 
completes the cycle. Thus, if wait states are inserted in the bus cycle, the sample 
point is later in the cycle. 

2. The sample point at S3 assumes that the required setup time is met, as defined in 
Section 10 Electrical Characteristics. 



3. If SRM is cleared in the CMR (defaul t conditio n), then DONEx is synchronized 
intemally before it is used; therefore, DONEx must be negated one clock earlier than 
the S3 falling edge to be recognized on that cycle. 

4. If the device is configured to be the source and dual address mode, the sample point 
used by th e IDMA is S5 rather than S3. This gives the user one additional clock to 
assert the DONEx signal. 
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When the operand transfer has terminated, SIR is cleared, and a DONE bit interrupt is 
generated if the corresponding CI\/!AR bit is set. The SAPR and/or DAPR are also 
incremented in the nomnal fashion, and the BCR is decremented. 

7.6.4.8.2 Auto Buffer Mode Termination. The user can suspend a transfer in auto buffer 
mode by clearing the STR bit in the CMR. When STR is set once again, the transfer will 
continue. 

The user can temninate the transfer by setting the RST bit in the CMR and then issuing the 
INITJDI\^A command. 

The user can terminate the transfer with an "out of buffers" error if the V-bit of one of the 
BDs is cleared by the user. When the RISC reaches this IDMA BD, it will terminate 
activity. This technique is useful when the IDMA is required to stop transfers after fully 
completing a BD transfer. 

If the BCR is decremented to zero, the transfer from this BD completes, but the RISC 
controller reloads the IDMA registers with the values from the next IDMA BD, and the 
IDMA transfer continues. Thus, the fact that the BCR is decremented to zero does not 
tenninate a transfer in auto buffer mode; it only terminates the current BD transfer. 

If DON Ex is asserted externally, the transmission from this BD completes, but the RISC 
controller reloads the IDMA registers with the values f rom the next IDMA BD, and the 
IDMA transfer continues. Thus, the fact that the DONEx is asserted does not tenninate a 
transfer in auto buffer mode; it only temiinates the current BD transfer. 

7.6.4.8.3 Buffer Chaining l\/iode Termination. The user can suspend a transfer in auto 
buffer mode by clearing the STR bit in the CMR. When STR is set once again, the transfer 
will continue. 

The user can terminate the transfer by setting the RST bit in the CMR and then issuing the 
INITJDMA command. 

The user can also terminate the transfer by setting the L-bit in the IDMA BD. When 
processing of this BD has completed, the transmission will terminate with the DONE bit 
being set in the CSR. This can cause an interrupt if the corresponding bit in the CMAR is 
set. 

If the BCR is decremented to zero, the transfer from this BD completes, but the RISC 
controller reloads the IDMA registers with the values from the next IDMA BD, and the 
IDMA transfer continues. Thus, the fact that the BCR is decremented to zero does not 
terminate a transfer in buffer chaining mode; it only terminates the current BD transfer. 



If DONEx is asserted externally, the transmission from this BD completes, but the RISC 
controller reloads the IDMA registers with th e values from the next IDMA BD, and the 
IDMA transfer continues. Thus, the fact that DONEx is asserted does not terminate a 
transfer in buffer chaining mode; it only temiinates the current BD transfer. 
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7.6.5 IDMA Examples 

The following paragraphs provide IDi\/IA examples. 

7.6.5.1 SINGLE BUFFER EXAMPLES. To see three examples of single buffer operation, 
see the 7.6.4.6.1 Dual Address Mode. 

7.6.5.2 BUFFER CHAINING EXAMPLE. The following example shows the setup required 
to initialize IDMA channel 1 to perform three buffer transfers using the buffer chaining 
mode. This example will move 16 bytes from address to address $1000, then 16 bytes 
from address $100 to $1 100, and then 16 bytes from address 200 to $1200. 

1. Initialize basic IDMA channel 1 registers: 

ICCR = $0720. Recommended normal configuration. 

FCR1 = $89. Source function code is 1000; destination function code is 1001. 

SAPR1 not initialized. Will be initialized later by RISC controller. 

DAPR1 not initialized. Will be initialized later by RISC controller. 

BCR1 not initialized. Will be initialized later by RISC controller. 

CSR1 = $FF. Clear any CSR bits that are currently set. 

CMAR1 = $00. Disable interrupts for this example. 

CMR1 = $530C. The RISC controls the IDMA activity (RCI bit is set). The IDMA 
channel uses 12.5% of the bus bandwidth. The source and destination size are 
long word. Do not set the STR bit yet. 

2. Issue the INITJDMA command to the RISC controller. This command is not 
required unless the IDMA was reset with the CMR RST bit while in the buffer 
chaining or auto buffer modes. 

CR = $0591 . Issue INIT_IDMA command to IDMA channel 1 . 

3. Initialize the IDMA channel 1 parameter RAM: 

IBASE = $0000. This points the beginning of the IDMA BDs. The value of $0000 
means that the first IDMA BD is located at the beginning of the intemal dual-port 
RAM. 

4. Initialize the first IDMA BD: 

BD1 .STATUS = $0000. This is offset from the BD. Set up all bits except the 
V-bit. 

BD1 _Data_Length = $0000001 0. Transfer 1 6 bytes. 

BD1_Source_Pointer = $00000000. Source address. 

BD1 _Destination_Pointer = $00001 000. Destination address. 

BD1_STATUS = $8000. Set the V-bit. It is good practice to set the V-bit last; 
however, in this example the IDMA channel is not yet enabled, so it could have 
been set earlier. 
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5. Initialize the second IDMA BD: 

BD2_STATUS = $0000. This is offset from the BD. Set up all bits except the 
V-bit. 

BD2_Data_Length = $00000010. Transfer 16 bytes. 

BD2_Source_Pointer = $00000100. Source address. 

BD2_Destinatlon_Pointer = $00001 1 00. Destination address. 

BD2_STATUS = $8000. Set the V-bit. It is good practice to set the V-bit last; 
however, in this example the IDIVIA channel is not yet enabled, so it could have 
been set earlier. 

6. Initialize the third IDMA BD: 

BD3_STATUS = $2800. This Is offset from the BD. Set up all bits except the 
V-bit. In this case, set the L-bit to indicate that the IDMA should stop after this BD, 
and set the DONE bit in the CSR. Additionally, set the W-bit to cause the RISC to 
point to the first BD when done. The W-bit should always be set In the last BD of 
the list. 

BD3_Data_Length = $00000010. Transfer 16 bytes. 

BD3_Source_Pointer = $00000200. Source address. 

BD3_Destination_Pointer = $00001200. Destination address. 

BD3_STATUS = $A800. Set the V-bit. It is good practice to set the V-bit last; 
however, in this example the IDMA channel is not yet enabled, so it could have 
been set earlier. 

7. Start the IDMA channel: 

CMR1 = $530D. Set the STR bit of this register. The IDMA now begins 
transferring all three BDs. 

8. Check for successful completion: 

Read the CMR and wait for the STR bit to be cleared, indicating the end of the 
transfer. Read the CSR to see what status has been set. In this case, only the 
DONE bit should be set. The AD bit would only be set if the 1-bit of the 
BD_STATUS field had been set. 

7.6.5.3 AUTO BUFFER EXAMPLE. The previous buffer chaining example can be easily 
modified to show the auto buffer operation. Simply set the CM bit in the BD_STATUS 
words of each of the three BDs, and for the sake of clarity, clear the L-bit of the third BD. 
The IDMA channel will then repeatedly transfer groups of 16 bytes until the STR bit Is 
cleared in software, the IDMA is reset, or the V-bit is cleared in one of the IDMA BDs. 

NOTE 

Use of the IDMA internal maximum rate option in the auto 
buffer mode is not recommended because the CPU32+ would 
only be able to execute instructions during the brief period that 
the RISC is configuring the IDMA channel between BDs. 
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7.7 SOMA CHANNELS 

Fourteen SOMA channels are present on the QUICC. Eight are associated with the four 
full-duplex SCCs. The other six are assigned to the service of the SPI and the two SMCs. 
Each channel is permanently assigned to service either the receive or transmit operation 
of an sec. SMC, or SPI. 

Figure 7-17 shows the paths of the data flow. Data from the SCCs, SMCs, and SPI may 
be routed to the external RAM (path 1) or the internal dual-port RAM (path 2). In both 
cases, however, the 1MB is used for the data transfer. On a path 1 access, the 1MB and 
the external system bus must be acquired by the SOMA channel. On a path 2 access, 
only the 1MB needs to be acquired, and the access will not be seen on the extemal system 
bus unless the QUICC is configured into the "show cycles" mode of the SIM60. Thus, the 
transfer on the 1MB can occur while other operations occur simultaneously on the extemal 
system bus. 

Each SOMA channel may be programmed to output one of 16 function codes. The 
function codes are used to identify the channel that is currently accessing memory. Also, 
the SOMA channel may be assigned a big endian (Motorola) or little endian format for 
accessing buffer data. These features are programmed in the receive and transmit i 
function code registers associated with the SCCs, SMCs, and SPI. 

If a bus error occurs on an access by the SOMA, the CPM generates a unique interrupt in 
the SOMA status register. The interrupt service routine then reads the SOMA address 
register to determine the address on which the bus error occurred. The channel that 
caused the bus error is determined by reading the Rx internal data pointer and Tx internal 
data pointers from the specific protocol parameters area in the parameter RAM for the 
serial channels. If an SOMA bus error occurs, all CP activity ceases, and the entire CP 
must be reset in the command register. 
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Figure 7-17. SOMA Data Paths 

7.7.1 SOMA Bus Arbitration and Bus Transfers 

On the QUICC, the SOMA, IDMA, and DRAM refresh controller can become internal bus 
masters. To detennine the relative priority of these masters, each is given an arbitration 
ID. The 14 SDMA channels share the same ID, which is programmed by the user. 
Therefore, any SDMA channel can arbitrate for the bus against the other internal masters 
and any external masters that are present. 

Once an SDMA channel obtains the system bus, it remains the bus master for one long- 
word transfer before relinquishing the bus. This feature, in combination with the zero clock 
arbitration overhead provided by the 1MB, allows the simultaneous benefits of bus 
efficiency and low bus latency. 

In the case of character-oriented protocols, the SDMA writes characters to memory (it 
does not wait for multiple characters to be received before writing), but the SDMA always 
reads long words. This is consistent with the goal of providing low-latency operation on 
character-oriented protocols that tend to be used at slower rates. 

The read or write operation may tai<e multiple bus cycles if the memory provides less than 
a 32-bit port size. For instance, a 32-bit long-word read from a 16-bit memory will tal<e two 
SDMA bus cycles. As long as a higher priority bus master does not require the bus during 
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an SOMA transfer, the entire operand (32 bits on reads and 8, 16, or 32 bits on writes) will 
be transferred in back-to-back bus cycles before the SOMA relinquishes the bus. If a 
higher priority bus master requests the bus during an operand transfer, it will be granted 
the bus at the end of that SOMA bus cycle. Once the higher priority bus master 
relinquishes the bus, the SOMA will reacquire the bus and continue any outstanding bus 
cycles. 

The SOMA can steal cycles with no arbitration overhead when the QUICC is in master 
mode (i.e., the CPU32+ is enabled) and the external bus is not currently being hel d by an 
extemal master (see Figure 7-18). Note that in normal operation, the BR, BG, and BGACK 
signals are not affected by the S DMA; h owever, an indication of the SDI\/IA internal bus 
request can be obtained from the BCLRO signal. 
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1 . The BCLRO signal Is only asserted if the SDMA bus arbitration ID is greater than 
the BCLROID2-B CLROID bits in the SIM60 module configuration register. 

2. The BR, BG, and BGACK signals are not affected by the SDMA bus arbitration 
process if the CPU32-t- is enabled. 

Figure 7-18. SDMA Bus Arbitration (Normal Operation) 



The SDMA will assert the BCLRO signal when it requests the bus if this capability is 
program med in the SIM60 module configuration register and port E pin assignment 
register. BCLRO can be used to clear an external bus master from the external bus, if 
desire d. For instance, BCLRO can be connected through logic to the externa[ master's 
HALT sig nal, and then be negated externally when the external master's AS signal is 
negated. BCLRO, as seen from the QUICC, is negated by the SDMA during its access to 
memory. 
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The relative priority between tlie two IDI\/IAs and the SDI\1A channels is user 
programmable. Regardless of system configuration, if the (DMA is a bus master when a 
higher priority SOMA channel needs to transfer over the bus, the SOMA will steal cycles 
from the I DMA with no arbitration overhead. 

When the QUiCC Is in slave mode (CPU32+ is disabled) the SDiVIA can steal cycles from 
the IDMA with no arbitration overhead. See Section 4 Bus Operation for diagrams of bus 
arbitration by an internal master in slave mode. 

7.7.2 SDIVIA Registers 

The SOMA channels have one configuration register; otherwise, they are controlled 
transparently to the user, through the configuration of the SCCs, SI\4Cs, and SPI. The only 
user-accessible registers associated with the SDIVIA are the SOMA configuration register 
(SDCR), SOMA address register (SOAR), a read-only register used for diagnostics in case 
of an SDIVIA bus error, and the SOMA status register (SDSR). 

7.7.2.1 SDI\AA CONFIGURATION REGISTER (SDCR). The 16-bit SDCR is used to 
configure all 14 SDIVIA channels. It is always readable and writable in the supervisor 
mode, although writing the SDCR is not recommended unless the CP is disabled. SDCR 
is cleared at reset. 
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Bits 15,12,11, 7— Resen/ed 

FRZI-FRZO-Freeze 
These bits determine the action to be tal<en when the FREEZE signal is asserted. The 
SDMA negates BR and l<eeps it negated until FREEZE is negated or a reset occurs. 

00 = The SDMA channels Ignore the FREEZE signal. 

01 = Reserved. 

10 = The SDMA channels freeze on the next bus cycle. 

11 = Reserved. 



SISM— SDMA Interrupt Service Mask 

These bits contain the interrupt service mask. When the interrupt service level on the 
1MB is greater than the interrupt service mask, the SDMA relinquishes the bus and 
negates the internal bus request to the 1MB until the interrupt level service is less than 
or equal to the interrupt service mask. 

NOTE 

This value should be programmed to 7 for typical user 
applications. This level gives the SDMA channels priority over 
ail interrupt handlers. 
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SAID— SOMA Arbitration ID 

These bits establish bus arbitration priority level among modules that have the capability 
of becoming bus master. In the QUICC, the DRAM refresh controller, IDMAs, SDMAs, 
and external bus masters can obtain bus mastership. The SDIVIA channel arbitration ID 
is detemiined by these bits. Zero is the lowest priority, and seven is the highest priority. 

NOTE 

This value should be programmed to 4 for typical user 
applications. This value should always be programmed to a 
value larger than the arbitration IDs for the two I DMA channels. 

INTR — Interrupt Reserved 

= A zero masks the interrupt generated by the RINT bit in the SDSR. 

1 = A one enables the interrupt generated by the RINT bit in the SDSR. 

NOTE 

This bit is reserved for factory testing and should be cleared. 

INTE — Interrupt Error 
This bit enables the SBER status bit in the SDSR. 

= A zero masks the interrupt generated by the corresponding bit In the SDSR. If a 

bus error occurs while the SDMA is bus master, the channel does not generate 
an Interrupt to the QUICC interrupt controller. The SBER bit Is still set in the 
SDSR. 

1 = If a bus error occurs while the SDMA is bus master, the channel generates an 

Interrupt to the QUICC interrupt controller and sets the SBER bit in the SDSR. 

NOTE 

An interrupt will only be generated If the SDMA bit is set in the 
CP interrupt mask register. 

INTB — Interrupt Breakpoint 
This bit is the enable bit for the SBKP status bit in the SDSR. 

= A zero masks the interrupt generated by the corresponding bit in the SDSR. 

When a breakpoint is recognized while the SDMA is bus master, the channel 
does not generate an interrupt to the QUICC interrupt controller. The SBKP bit is 
still set in the SDSR. 

1 = When a breakpoint is recognized while the SDMA Is bus master, the channel 

generates an Interrupt to the QUICC interrupt controller and sets the SBKP bit in 
the SDSR. 
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NOTE 

An interrupt will only be generated if the SOMA bit is set in the 
CP interrupt mask register. The interrupt can suspend SOMA 
activity immediately if it is programmed to be at a higher level 
than the SOMA channels. Alternatively, the interrupt can be 
processed after the SOMA transfer is complete. 

7.7.2.2 SOMA STATUS REGISTER (SDSR). Shared by all 14 SOMA channels, the SDSR 
is an 8-bit register used to report events recognized by the SDIViA controller. On 
recognition of an event, the SOMA sets its corresponding bit in the SDSR (regardless of 
the INTE, INTB, and INTR bits in the SDCR). The SDSR is a memory-mapped register 
that may be read at any time. A bit is reset by writing a one and is left unchanged by 
writing a zero. More than one bit may be reset at a time, and the register is cleared by 
reset. 
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Bits 7-3 — Reserved 

RINT^Reserved Interrupt 
This status bit is reserved for factory testing. RINT is cleared by writing a one; writing a 
zero has no effect. 

SBER— SDIVIA Channel Bus Error 
This bit indicates that the SDMA channel temiinated with an error during a read or write 
cycle. The SDMA bus error address can be read from the SDAR. SBER is cleared by 
writing a one; writing a zero has no effect. 

SBKP— SDMA Breakpoint 

This bit indicates that the breakpoint signal was asserted during an SDMA transfer. 
SBKP is cleared by writing a one; writing a zero has no effect. 

7.7.2.3 SDMA ADDRESS REGISTER (SDAR). The 32-bit read-only SDAR shows the 
system address that was accessed during an SDMA bus error. It is undefined at reset. 

7.8 SERIAL INTERFACE WITH TIME SLOT ASSIGNER 

The SI connects the physical layer serial lines to the four SCCs and two SMCs (see 
Figure 7-19). In its simplest configuration, the SI allows the four SCCs and two SMCs to 
be connected their own set of individual pins. Each SCC or SMC that connects to the 
external world in this way is said to connect to an NMSI. In the NMSi configuration, the Si 
provides a flexible clocking assignment for each SCC and SMC from a bank of extemal 
clock pins and/or intemal baud rate generators. 
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However, the main feature of the SI is its TSA. The TSA allows any combination of SCCs 
and SMCs to multiplex their data together on either one or two TDM channels. TDM is 
used in this manual as the generic term that describes any serial channel that is divided 
into channels separated by time. Common examples of TDMs are the T1 lines in Japan 
and the United States and the CEPT lines in Europe. 

Even if the TSA is not used in its intended capacity, it may still be used to generate 
complex wavefomris on four output pins. For instance, these pins can be programmed by 
the TSA to implement stepper motor control or variable duty cycle and period control on 
these pins. Any programmed configuration may be changed on the fly. 

7.8.1 SI Key Features 

The two major features of the SI are the TSA and the NMSI. The TSA contains the 
following features: 

• Can Connect to Two Independent TDM channels. Each TDM May Be One of the 
Following: 

— T1 or CEPT Line 

— PCM Highway I 

— ISDN Primary Rate | 

— ISDN Basic Rate— IDL 

— ISDN Basic Rate— GCI 

— User-Defined Interfaces 

• Independent, Programmable Transmit and Receive Routing Paths 

• Independent Transmit and Receive Frame Syncs Allowed 

• Independent Transmit and Receive Clocks Allowed 

• Selection of Rising/Falling Clock Edges for the Frame Sync and Data Bits 

• Supports 1x and 2x Input Clocks (i.e., 1 or 2 Clocks per Data Bit) 

• Selectable Delay (0-3 Bits) Between Frame Sync and Frame Start 

• Four Programmable Strobe Outputs and Two (2x) Clock Output Pins 

• 1- or 8-Bit Resolution in Routing, Masking, and Strobe Selection 

• Supports Frames Up to 8192 Bits Long 

• Internal Routing and Strobe Selection Can Be Dynamically Programmed 

• Supports Automatic Echo and Loopback Mode for Each TDM 
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NOTE: NMSI clocking paths are not shown. 



Figure 7-19. SI Block Diagram 
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The NMSI contains the foilowing features: 

• Each sec and SI^C Can Be Independentiy Programmed To Worl< with Its Own Set 
of Pins in a Nonmuitipiexed Manner. 

• Each sec Can Have Its Own Set of i\/lodem Control Pins (TXD, RXD, TCLK, RCLK, 
RTS, CTS, and CD). 

• Each SiViC Can Have Its Own Set of Four Pins (SIVITXD, SiVIRXD, CLK, and 
SMSYN). 

• Each sec and SIVIC Can Derive Clocks Externally from a Banl< of Eight Clock Pins 
(CLK1-CLK8) or a Bank of Four Baud Rate Generators (BRG1--BRG4). 

7.8.2 ISA Overview 

The TSA implements both the internal route selection and time-division multiplexing for 
multiplexed serial channels. The TSA supports the serial bus rate and fonmat for most 
standard TDM buses, Including the T1 and CEPT highways, the PCM highway, and the 
ISDN buses in both basic and primary rates. The two popular ISDN basic rate buses, IDL 
and GCI (also known as IOM-2), are supported. An additional level of flexibility is provided 
by the TSA in that it supports two TDMs. It is therefore possible to simultaneously support 
one T1 line and one CEPT line, one basic rate and one primary rate ISDN channel, etc. 

TSA programming is completely independent of the protocol used by the SCO or SMC. 
For instance, the fact that SCC2 may programmed for the HDLC protocol has no impact 
on the programming of the TSA. The purpose of the TSA is to route the data from the 
specified pins to the desired SCC or SMC at the correct time. It is the job of the SCC or 
SMC to handle the data it receives. 

In its simplest mode, the TSA identifies the frame using one sync pulse and one clock 
signal provided externally by the user. This can be enhanced to allow independent routing 
of the receive and transmit data on the TDM. Additionally, the definition of a time slot need 
not be limited to 8 bits or even limited to a single contiguous position within the frame. 
Finally, the user may provide separate receive and transmit syncs as well as receive and 
transmit clocks. These various configurations are illustrated in Figure 7-20. 
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More Complex TDM Example — Unique Routing 
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Even More Complex TDM Example— Multiple Time Slots per Channel with Varying Sizes of Time Slots 
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NOTE: The two shaded areas of SCC2 Rx are received as one high-speed data stream by SCC2 and stored 
together in the same data buffers. 
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Most Complex TDM Example— Totally independent Rx and Tx 
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Figure 7-20. Various Configurations of a Single TDI\/I Channel 
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The TSA also allows two TDM channels to be supported simultaneously. Thus, in its most 
flexible mode, the TSA can provide two separate TDI\^ channels, each with an 
independent receive and transmit routing assignment and independent sync pulse and 
clock inputs (see Figure 7-21). Thus, the TSA can support four, independent, half-duplex 
TDM sources, two in reception and two in transmission, using four sync inputs and four 
clock inputs. 
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Figure 7-21. Dual TDM Channel Example 

in addition to channel programming, the TSA supports up to four strobe outputs that may 
be asserted on a bit basis or a byte basis. These strobes are completely independent from 
the channel routing used by the SCCs and SMCs. They are useful for interfacing to other 
devices that do not support the multiplexed interface or for enabling/disabling three-state 
I/O buffers in a multi-transmitter architecture. (Note that open-drain programming on the 
TXDx pins to support a multi-transmitter architecture is programmed in the parallel I/O 
block.) These strobes can also be used for generating output waveforms to support such 
applications as stepper motor control. 

Most TSA programming is accomplished in two SI RAMs, each of size 64 x 16 bits. These 
SI RAMs are directly accessible by the host processor in the internal register section of 
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the QUICC and are not associated with the dual-port RAM. One SI RAM is always used to 
program the transmit routing, and the other SI RAM is always used to program the receive 
routing. With the SI RAMs, the user can define the number of bits/bytes that are to be 
routed to which SCO or SMC and the times the external strobes are to be asserted and 
negated. The size of the SI RAM that is available for time-slot programming depends on 
the configuration. If two TDM channels are selected, the SI RAM entries available per 
channel are reduced by one-half. If on-the-fly changes are also allowed, the SI RAM 
entries are further reduced by one-half. Even in a configuration with two TDM channels 
and on-the-fly changes allowed, the SI RAM size is still sufficient to allow extensive time- 
slot programming flexibility. The maximum frame length that can be supported in any 
configuration is 81 92 bits. 

The SI supports two testing modes: echo and loopback. Echo mode provides a return 
signal from the physical interface by retransmitting the signal it has received. The physical 
interface echo mode differs from the individual SCO echo mode in that it can operate on 
the entire TDM signal rather than just on a particular SCO channel. Loopback mode 
causes the physical interface to receive the same signal it is transmitting. The SI loopback 
mode checks more than the individual SCO loopback; it checks the SI and the internal 
channel routes. 

The maximum clock that can be input to the TSA depends on the internal SyncCLK rate. 
SyncCLK, which is generated in the QUICC clock synthesizer specifically for the SCCs, 
SMCs, and TSA, defaults to the system frequency (for Instance, 25 MHz). However, the 
clock synthesizer in the SIM60 has an option to divide SyncCLK by 1 , 4, 16, or 64 before it 
leaves the clock synthesizer. Whatever the resulting frequency of SyncCLK, the maximum 
external serial clock that may be an input to the TSA is SyncCLK/2.5. 

The ability to reduce the frequency of SyncCLK before it ever leaves the clock synthesizer 
is useful for two reasons. First, in a low-power mode, the TSA clocking could potentially be 
a significant factor in overall QUICC power consumption. Thus, if the TSA does not need 
to operate at high frequencies, the user may choose a lower frequency SyncCLK as the 
input to the TSA. (In making this decision, the user must also consider the needs of the 
other SCCs and SMCs not connected to the TSA and select a sufficiently high SyncCLK 
value for their use.) Second, the user may wish to dynamically change the general system 
clock frequency in the clock synthesizer (slow-go mode) while still having the TSA run at 
the original frequency. The SyncCLK also allows this configuration. 

If an sec or SMC is operating with the NMSI, then the serial clock rate may be slightly 
faster, at a value not to exceed SyncCLK/2. 

7.8.3 Enabling Connections to the TSA 

Each sec and SMC may be independently enabled to be connected to the TSA (see 
Figure 7-22). Note that separate bits enable whether each SCC or SMC is connected to 
the TSA or to its own set of external pins. Additionally, the two TDM Interfaces must be 
enabled to be connected to the TSA. 
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NOTES: 

1 . The ENx bits are located in SIGMR. 

2. The SCx bits are located in SICR. 

3. The SMCx bits are located in SIMODE. 

4. The clocking paths are not shown for the nonmultipiexed l/F (see Figure 7-35 for more details). 

Figure 7-22. Enabling Connections Throughi the SI 

Once tiie connections are made, the exact routing decisions are made in the SI RAM, as 
described in the following paragraphs. 

7.8.4 SI RAM 

The SI has two 64 x 16 static RAMs used to control the routing of the TDM channels to 
the SCCs and SMCs. The RAMs are uninitialized after power-on. For proper operation, 
the host should program the RAMs before enabling the multiplexed channels, or 
undesired results may occur. 

The RAM consists of 16-bit entries that are used to define the routing control. Each entry 
can control from 1 to 16 bits or from 1 to 16 bytes at a time as determined in the entry. In 
addition to the routing, up to four strobe pins may be asserted according to the 
programming of the RAM. The strobes are active high. 

The two SI RAMs can be configured in four different ways to support various TDM 
channels. The four possible cases are discussed in the following paragraphs. 
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7.8.4.1 ONE MULTIPLEXED CHANNEL WITH STATIC FRAMES. With this configuration 
(see Figure 7-23), there are 64 entries in the SI RAI\4 for transmit data and strobe routing 
and 64 entries for receive data and strobe routing. This configuration should be chosen 
when only one TOM is required and the routing on that TDM does not need to be changed 
dynamically. 



RDM » 00 

ONE CHANNEL WITH INDEPENDENT 

Rx AND Tx ROUTE 



SI RAM ADDRESS: 
(16-BITSWIDE) 



127 
128 




256 



64 ENTRIES 

RXa 

ROUTE 








64 ENTRIES 

TXa 

ROUTE 









FRAMING SIGNALS 

L1RCU<a 
LIRSYNCa 



LITCLKa 
LITSYNCa 



Figure 7-23. SI RAM: One TDM with Static Frames 

7.8.4.2 ONE MULTIPLEXED CHANNEL WITH DYNAMIC FRAMES. With this 
configuration (see Figure 7-24), there is one multiplexed channel. The channel has 32 
entries for transmit data and strobe routing and 32 entries for receive data and strobe 
routing. In each RAM, one of the partitions is the current-route RAM, and the other is a 
shadow RAM used to allow the user to change the serial routing. After programming the 
shadow RAM, the user sets the CSRx bit of the associated channel in the SI OR. When 
the next frame sync arrives, the SI will automatically exchange the current-route RAM for 
the shadow RAM. Refer to 7.8.4.7 SI RAM Dynamic Changes for more details on how to 
dynamically change the channel's route. This configuration should be chosen when only 
one TDM is required but the routing on that TDM may need to be changed dynamically. 
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Figure 7-24. SI RAM: One TDM with Dynamic Frames 

7.8.4.3 TWO MULTIPLEXED CHANNELS WITH STATIC FRAMES. With this 
configuration (see Figure 7-25), there are 32 entries for transmit data and strobe routing 
and 32 entries for receive data and strobe routing. This configuration should be chosen 
when two TDMs are required and the routing on that TDI\/I does not need to be changed 
dynamically. 
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Figure 7-25. SI RAM: Two TDMs with Static Frames 



7.8.4.4 TWO MULTIPLEXED CHANNELS WITH DYNAMIC FRAMES. Tliere are two 
multiplexed channels with this configuration (see Figure 7-26). Each channel has 16 
entries for transmit data and strobe routing and 16 entries for receive data and strobe 
routing. In each RAM, one of the partitions is the current-route RAM, and the other is a 
shadow RAM used to allow the user to change the serial routing. After programming the 
shadow RAM, the user sets the CSRx bit of the associated channel in the SI OR. When 
the next frame sync arrives, the SI will automatically exchange the current-route RAM for 
the shadow RAM. Refer to 7.8.4.7 SI RAM Dynamic Changes for more details on how to 
dynamically change the channel's route. This configuration should be chosen when two 
TDMs are required and the routing on each TDM may need to be changed dynamically. 
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Figure 7-26. Two TDMs with Dynamic Frames 

7.8.4.5 PROGRAI\/ll\/IING SI RAI\1 ENTRIES. The programming of each word within the 
RAIVI determines the routing of the serial bits (or bit groups) and the assertion of strobe 
outputs. The RAM programming codes are as follows: 




15 


14 


13 


12 11 


10 


9 


8 


7 


6 


5 


4 3 


2 


1 





- 


SWTR 


SSEL1-SSEL4 


- 


CSEL 


CNT 


BYT 


LST 



Bits 15, 9 — Resen/ed 

SWTR— Switch Tx and Rx 

This bit would only be used in a special situation where the user desires to receive data 
from a transmit pin or transmit data on a receive pin. For instance, consider the situation 
where devices A and B are connected to the same TDM, each with different time slots. 
Normally, there is no opportunity for stations A and B to communicate with each other 
directly over the TDM, since they both receive the same TDM receive data and transmit 
on the same TDM transmit signal (see Figure 7-27). 
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Figure 7-27. Using the SWTR Feature 

The SWTR option gives station B tiie opportunity to iisten to transmissions from station 
A. To do this, station B would set the SWTR bit in its receive route RAM. The only 
change made in this case is that, for this entry, data is talcen from the L1TXD pin rather 
than the L1 RXD pin. 

It is also possible for station B to transmit data to station A by setting the SWTR bit of an 
entry in its transmit route RAM. Data is transmitted on the L1RXD pin rather than the 
L1TXD pin. Note that this configuration could cause collisions with other data on the 
L1 RXD pin unless care is tal<en to choose an available (quiet) time slot. 

NOTE 

If the transmit and receive sections of the TDM do not use a 
single clocl< source, this feature will give erratic results. 

= Normal operation of the L1TXD and L1 RXD pins. 

1 = If this is a Tx route RAM, data is transmitted from the L1 RXD pin for the duration 

defined by this entry. If this is an Rx route RAM, data is received from the L1TXD 
pin for the duration of this entry. 

SSEL1-SSEL4— Strobe Select 
The four strobes (L1STA1, L1STA2, L1STB1, and L1STB2) may be assigned to the 
receive RAM and asserted/negated with L1 RCLKa or L1 RCLKb or assigned to the 
transmit RAM and asserted/negated with LITCLKa or LITCLKb. Each bit corresponds 
to the value the strobe should have during this bit/byte group. Multiple strobes can be 
asserted simultaneously. If desired. 

If a strobe is configured to be asserted in two consecutive SI RAM entries, then it will 
remain continuously asserted during the processing of both Si F^M entries. If a strobe 
is asserted on the last entry in the table, the strobe will be negated after the processing 
of that last entry is complete. 
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NOTES 

Each strobe is changed with the corresponding RAI\4 clocl< and 
will be output only if the corresponding parallel I/O is 
configured as a dedicated pin. 

If a strobe is programmed to be asserted in more than one set 
of entries (e.g., the SI Rx route for the TDMa entries and the SI 
Tx route for TDMb entries both select the same strobe), then 
the assertion of the strobe corresponds to the logical OR of all 
possible sources. This use of the strobes is not useful for most 
applications. It is recommended that a given strobe be selected 
in only one set of SI RAM entries. 

CSEL— Channel Select 

000 = The bit/byte group is not supported within the QUICC. The transmit data pin Is 

three-stated, and the receive data pin is ignored. 

001 = The bit/byte group Is routed to SCC1 . 
010= The bit/byte group is routed to SCC2. 
01 1 = The bit/byte group is routed to SCC3. 

100 = The bit/byte group is routed to SCC4. 

101 = The bit/byte group Is routed to SMC1 . 
110= The bit/byte group Is routed to SI\/IC2. 

111 = The bit/byte group is not supported within the QUICC. This code is also used in 
SCIT mode as the D channel grant (refer to 7.8.7.2.2 SCIT Programming.) 

CNT— Count 

This value indicates the number of bits/bytes (according to the BYT bit) that the routing 
and strobe select of this entry controls. If CNT = 0000, then 1 bit/byte Is chosen; if 
CNT =1111, then 1 6 bits/bytes are selected. 

BYT—Byte Resolution 

= Bit resolution— the CNT value indicates the number of bits in this group. 

1 = Byte resolution — ^the CNT value indicates the number of bytes in this group. 

LST— Last Entry In the RAIVI 

Whenever the SI RAM Is used, this bit must be set in one of the Tx or Rx entries of each 
group that is used. Even if all entries of a group are used, this bit must still be set in the 
last entry. 

= This is not the last entry in this section of the route RAM. 

1 = This is the last entry in this RAM. After this entry, the SI will wait for the sync 

signal to start the next frame. 

NOTE 

If a second sync signal is received before the end of a frame 
(as defined by the last SI RAM entry), an error occurs. The SI 
will terminate SI RAM processing, and cease transmitting or 
receiving data until a third sync signal is received. 
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7.8.4.6 SI RAM PROGRAMMING EXAMPLE. This example shows how to program the 
RAM to support the 10-bit IDL bus (see Figure 7-33 for the 10-bit IDL bus format). 

In this example, the ISA supports the B1 channel with SCC2, the D channel with SCC1 , 
the first 4 bits of the B2 channel with an external device (using a strobe to enable the 
extemal device), and the last 4 bits of B2 with SCC4. Additionally, the TSA will mark the D 
channel with another strobe signal. 

First, divide the frame from the start (i.e., the sync) to the end of the frame according to 
the support that is required: 

1. 8blts(B1)-^CC2 

2. 1 bit(D)— SCC1 +strobe1 

3. 1 bit— no support 

4. 4 bits (B2)— strobe2 

5. 4 bits (B2)— SCC4 

6. 1 bit (D)— SCC1 + strobel 

Each of these six divisions can be supported by just one SI RAM entry. Thus, a total of 
only six entries is needed in the SI RAM: 



ENTRY 
NO. 


RAM WORD 


SWTR 


SSEL 


CSEL 


CNT 


BYT 


LST 


DESCRIPTION 


1 





0000 


010 


0000 


1 





8 Bits SCC2 


2 





0001 


001 


0000 








1 Bit SCC1 Strobel 


3 





0000 


000 


0000 








1 Bit No Support 


4 





0010 


000 


0011 








4 Bits Strobe2 


5 





0000 


100 


0011 








4 Bits SCC4 


6 





0001 


001 


0000 





1 


1 Bit SCC1 Strobel 



NOTE 

Since IDL requires the same routing for both receive and 
transmit, an exact duplicate of the above entries should be 
written to both the receive and transmit sections of the SI RAM. 
Then the CRTx bit in the SIMODE register can be used to 
instruct the SI RAM to use the same clock and sync to 
simultaneously control both sets of SI RAM entries. 

7.8.4.7 SI RAM DYNAMIC CHANGES. The SI RAM, described in 7.8.4.5 Programming 
SI RAM Entries, has four operating modes: 

1. One TDM with a static routing definition. SI RAM divided into two parts (Rx and Tx). 

2. One TDM allowing dynamic changes. SI RAM divided into four parts. 

3. Two TDMs with static routing definition. SI RAM divided into four parts. 

4. Two TDMs allowing dynamic changes. SI RAM divided into eight parts. 
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Dynamic changes nnean that the routing definition of a TDI\1 can be modified whiie the 
SCCs/SMCs are connected to the TDIVI. With fixed routing, a change to the routing 
requires that all SCCs/SMCs connected to the TSA be disabled, the SI routing be 
modified, and then ail SCCs/SMCs connected to the TSA be reenabled before the new 
routing takes effect. 

Dynamic changes divide portions of the SI RAM into current-route RAM and shadow 
RAM. Once the current-route RAM is programmed, the TSA and SI channels can be 
enabled, and TSA operation can begin. When the user decides that a change in routing is 
required, the user programs the shadow RAM with the new route and sets the CSRx bit in 
the SI CR. As a result, the SI will exchange the shadow RAM and the current-route RAM 
as soon as the corresponding sync arrives and will reset the CSRx bit to signify that the 
operation is complete. At this time, the user may change the routing again. Note that the 
original current-route RAM is now the shadow RAM and vice versa. Figure 7-28 Illustrates 
an example of the shadow RAM exchange process. 

If one TDM with dynamic changes is programmed, the initial current-route RAM addresses 
in the SI RAM are as follows: 

0-63 RXa Route 

128-191 TXa Route 

and the shadow RAMs are at addresses: 
64-127 RXa Route 
192-255 TXa Route 

If two TDMs with dynamic changes are programmed, the initial current-route RAM 
addresses in the SI RAM are as follows: 




0-31 


RXa Route 


64-127 


RXb Route 


128-159 


TXa Route 


192-223 


TXb Route 


and the shadow RAMs are at addresses; 


32-63 


RXa Route 


96-127 


RXb Route 


160-191 


TXa Route 


224^255 


TXb Route 



The user can read any RAM at any time, but for proper operation of the SI, the user must 
not attempt to write the current-route RAM. The user can read the SI status register 
(SISTR) to find which part of the RAM is the current-route RAM. 
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Beyond knowing which RAM is the current-route RAI\4, the user may wish to l<now which 
entry that the TSA is currently using within the current-route RAM. This infomiation is 
provided in the SI RAM pointer register (SIRP). The user may also extemally connect one 
of the four strobes to an interrupt pin to generate an interrupt on a particular SI RAM entry 
starting or ending execution by the TSA. 
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1) PROGRAMMING 
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1) EXCHANGE 



RAM ADDRESS: 
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Figure 7-28. 81 RAM Dynamic Changes 
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7.8.5 SI Registers 

The following paragraphs describe the SI registers. 

7.8.5.1 SI GLOBAL MODE REGISTER (SIGMR). The 8-bit SIGMR defines the RAM 
division modes. The SIGIVIR appears to the user as a memory-mapped, read-write register 
and is cleared at reset. 



- 


ENb 


ENb 


RDMI-RDMO 



Bits 7-4 — Reserved 

ENb— Enable Channel b 

= Channel b is disabled. The SI RAMs and TDM routing are in a state of reset, but 

all other SI functions still operate. 

1 = The SI is enabled. 

ENa — Enable Channel a 

= Channel a is disabled. The SI RAMs and TDM routing are in a state of reset, but 

all other SI functions still operate. 

1 = The SI is enabled. 

RDMI-RDMO— RAM Division Mode 

These bits define the RAM division mode and the number of multiplexed channels 
supported in the SI. 

00 = The SI supports one TDM channel with 64 entries for receive routing and 64 

entries for transmit routing. 

01 = The SI supports one TDM channel with 32 entries for receive routing and 32 

entries for transmit routing. There are an additional 32 shadow entries for the 

receive routing and 32 shadow entries for transmit routing that may be used to 

dynamically change the routing. 
10 = The SI supports two TDM channels with 32 entries for the receive routing and 

32 entries for transmit routing for each of the two TDMs. 
11= The SI supports two TDM channels with 16 entries for receive routing and 16 

entries for transmit routing for each channel. There are an additional 16 shadow 

entries for receive routing and 16 shadow entries for transmit routing that may 

be used to dynamically change the channel routing. 
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7.8.5.2 SI MODE REGISTER (SIMODE). The 32-bit SIMODE defines the SI operation 
modes. This register allows the user (in conjunction with the SI RAM) to support any or all 
of the ISDN channels independently when in IDL or GCI (IOM-2) mode. Any extra SCO 
channel can then be used for other purposes in NMSI mode. SIMODE appears to the user 
as a memory-mapped, read-write register and is cleared at reset. 



31 


30 


29 


28 


27 26 


25 24 


23 


22 


21 


20 


19 


18 


17 16 


SMC2 


SMC2CS 


SDMb 


RFSDb 


DSCb 


CRTb 


STZb 


CEb 


FEb 


GMb 


TFSDb 


15 


14 


13 


12 


11 10 


9 8 


7 


6 


5 


4 


3 


2 


1 


SMC1 


SMC1CS 


SDMa 


RFSDa 


DSCa 


CRTa 


STZa 


CEa 


FEa 


GMa 


TFSDa 




SMCx— SMCx Connection 

::= NMSI mode. The clock source is detemiined by the SMCxCS bit, and the data 

comes from a dedicated pin (SMTXD1 and SMRXD1 for SMC1 or SMTXD2 and 
SMRXD2 for SMC2) in the NMSI. 

1 = SMCx is connected to the multiplexed SI (TDM channel). 

SMC2CS— SMC2 Clock Source (NMSI mode) 

SMC2 can take its clocks from one of the baud rate generators or one of four pins from 
the bank of clocks. The SMC2 transmit and receive clocks must be the same when it is 
connected to the NMSI. 



000 = SMC2 transm 

001 = SMC2 transm 
010= SMC2 transm 
01 1 = SMC2 transm 
100= SMC2 transm 
101 = SMC2 transm 
110= SMC2 transm 
111 = SMC2 transm 



it and receive clocks are BRG1 . 
it and receive clocks are BRG2. 
it and receive clocks are BRG3. 
t and receive clocks are BRG4. 
it and receive clocks are CLK5. 
it and receive clocks are CLK6. 
it and receive clocks are CLK7. 
it and receive clocks are CLK8. 



SMC1 OS— SMC1 Clock Source (NMSI mode) 

SMC1 can take its clocks from one of the baud rate generators or one of four pins from 
the bank of clocks. The SMC1 transmit and receive clocks must be the same when it is 
connected to the NMSI. 



000 = SMC1 

001 = SMC1 
010= SMC1 
011 = SMC1 
100= SMC1 
101 = SMC1 
110= SMC1 
111 = SMC1 



transm 
transm 
transm 
transm 
transm 
transm 
transm 
transm 



it and 
it and 
it and 
It and 
it and 
it and 
it and 
it and 



receive 
receive 
receive 
receive 
receive 
receive 
receive 
receive 



clocks 
clocks 
clocks 
clocks 
clocks 
clocks 
clocks 
clocks 



areBRGI. 
are BRG2. 
are BRG3. 
are BRG4. 
areCLKI. 
are CLK2. 
are CLK3. 
are CLK4. 
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SDMx— SI Diagnostic Mode for TDM A or B 

00= Normal operation. 

01 = Automatic Echo. In this mode, the channeLx transmitter automatically 

retransmits the TDM received data on a bit-by-bit basis. The receive section 
operates normally, but the transmit section can only retransmit received data. In 
this mode, the L1GRx line is ignored. 

10 = Internal Loopback. In this mode, the TDM transmitter output is internally 

connected to the TDM receiver input (LI TXDx is connected to LI RXDx). The 
receiver and transmitter operate normally. The data appears on the LI TXDx pin. 
In this mode, the LI RQx line is asserted normally. The L1GRx line is ignored. 

1 1 = Loopback Control. In this mode, the TDM transmitter output is internally 

connected to the TDM receiver input (LI TXDx is connected to LI RXDx). The 
transmitter output (LI TXDx) and the LI RQx pin will be inactive. This mode is 
used to accomplish loopback testing of the entire TDM without affecting the 
external serial lines. 

NOTE 

In modes 01,10, and 11, the receive and the transmit clocks 
should be identical. 



RFSDx — Receive Frame Sync Delay for TDM A or B 

These two bits determine the number of clock delays between the receive sync and the 
first bit of the receive frame. Even if the CRTx bit is set, these bits do not control the 
delay for the transmit frame. 

00 = No bit delay (The first bit of the frame is transmitted/received on the same clock 

as the sync; use for GCI.) 

01 = 1-bit delay (Use for IDL) 
10= 2-bit delay 

1 1 = 3-bit delay 

Refer to Figures 7-29 and 7-30 for an example of the use of these bits. 

DSCx— Double-Speed Clock for TDM A or B 

Some TDMs such as GCI define the input clock to be 2x faster than the data rate. This 
bit controls this option. 

= The channel clock (LI RCLKx and/or LITCLKx) is equal to the data clock. (Use 

for IDL and most TDM formats.) 

1 = The channel clock rate is twice the data rate. (Use for GCI.) 
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CRTx— Common Receive and Transmit Pins for TDI\^ A or B 

Tliis bit is useful when the transmit and receive sections of a given TDM use the same 
clock and sync signals. In this mode, LITCLKx and LITSYNCx pins can be used as 
general-purpose I/O pins. 

- Separate pins. The receive section of this TOM uses L1 RCLKx and L1 RSYNCx 

pins for framing, and the transmit section uses LITCLKx and LITSYNCx for 
framing. 

1 = Common pins. The receive and transmit sections of this TDM use L1 RCLKx as 

clock pin of channel x and L1 RSYNCx as the receive and transmit sync pin. (Use 
for IDL and GCI.) 

STZx— Set L1TXDX to Zero for TDM A or B 
0= Normal operation. 

1 = LITXDx is set to zero until serial clocks are available, which is useful for GCI 
activation. Refer to 7.8.7.1 SI GCI Activation/Deactivatlon Procedure. 

CEx— Clock Edge for TDM A or B 

= The data is transmitted on the rising edge of the clock and received on the falling 

edge. (Use for IDL and GCI.) 

1 = The data Is transmitted on the falling edge of the clock and received on the rising 

edge. 

FEx— Frame Sync Edge for TDM A or B 
The L1 RSYNCx and LITSYNCx pulses are sampled with the falling/rising edge of the 
channel clock according to this bit. 

= Falling edge (Use for IDL and GCI.) 

1 = Rising edge 

GMx— Grant Mode for TDM A or B 

= GCI/SCIT mode. The GCI/SCIT D channel grant mechanism for transmission is 

Internally supported. The grant Is one bit from the receive channel. This bit Is 
marked by programming the channel select bits of the SI RAM with 1 11 to assert 
an Intemal strobe on it. Refer to 7.8.7.2.2 SCIT Programming. 

1 = IDL mode. A GRANT mechanism Is supported If the corresponding GR1~GR4 

bits In the SIMODE register are set. The grant is a sample of the LIGRx pin while 
LITSYNCx is asserted. This GRANT mechanism implies the IDL access controls 
for transmission on the D channel. Refer to 7.8.6.2 IDL Interface Programming. 
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TFSDx— Transmit Frame Sync Delay for TDM A or B 

These two bits determine the number of clock delays between the transmit sync and the 
first bit of the transmit frame. If the CRTx bit is set (recommended with IDL or GCI), then 
the transmit sync is not used, and these bits are ignored. 

00 = No bit delay (The first bit of the frame is transmitted/received on the same clock 

as the sync.) 

01 = 1 bit delay 
10= 2 bit delay 
11 = 3 bit delay 

Refer to Figures 7-29 and 7-30 for an example of the use of these bits. 



LIOK 
(CE.O) 

L1SYNC 
(FE = 1) 



_r 



DATA 



Ln_ru 



END OF FRAME 



(^DG^DG^iXiiiiXj^^^ 



c 



BITO 



ONE CLOCK DEUY FROM SYNC LATCH TO FIRST BIT OF FRAME 

Figure 7-29. One Clock Delay from Sync to Data (RFSD = 01) 




L1CLK 
(CE = 0) 

L1SYNC 
(FE=1) 



DATA 



hJTJTJ 



GEXEiXfEXiiiDGE) — (^oX^^tx^ 



NO DEUY FROM SYNC LATCH TO FIRST BIT OF FRAME 



Figure 7-30. No Delay from Sync to Data (RFSD = 00) 



MOTOROLA 



MC68360 USER'S MANUAL 



7-87 



SI 

7.8.5.3 SI CLOCK ROUTE REGISTER (SICR). The 32-bit SICR is used to define the SCO 
cloclc sources. The clocl< source can be one of the four baud rate generators or an input 
from a bank of clock pins. The SICR appears to the user as a memory-mapped, read-write 
register and is cleared at reset. 



31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


GR4 


SC4 


R4CS 


T4CS 


QR3 


SC3 


R3CS 


T3CS 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





QR2 


SC2 


R2CS 


T2CS 


GR1 


SCI 


R1CS 


TICS 




GRx— Grant Support of SCCx 

= SCCx transmitter does not support the grant mechanism. The grant is always 

asserted internally. 

1 = SCCx transmitter supports the grant mechanism as determined by the GMx bit of 

its channel. 

SCx— SCCx Connection 

= SCCx is not connected to the multiplexed SI but is either connected directly to 

the NMSIx pins or is not used. The choice of general-purpose I/O port pins 
versus SCCn pins is made in the parallel I/O control register. 

1 = SCCx is connected to the multiplexed SI. The NMSIx receive pins are available 

for other purposes. 

RxCS— Receive Clock Source for SCCx 

These bits are ignored when the SCCx is connected to the TSA (SCx = 1 ). 

000 = SCCx receive clock is BRG1 . 

001 - SCCx receive clock is BRG2. 

010 = SCCx receive clock is BRG3. 

01 1 = SCCx receive clock is BRG4. 

100 = SCCx receive clock for x = 1 ,2 is CLK1 and for x = 3,4 is CLK5. 

101 = SCCx receive clock for x = 1 ,2 is CLK2 and for x = 3,4 is CLK6. 
110= SCCx receive clock for x = 1 ,2 is CLK3 and for x = 3,4 is CLK7. 
111 = SCCx receive clock for x = 1 ,2 is CLK4 and for x = 3,4 is CLK8. 

TxCS— Transmit Clock Source for SCCx 
These bits are ignored when SCCx is connected to the TSA (SCx = 1). 



000 = SCCx transm 

001 = SCCx transm 
010= SCCx transm 
01 1 = SCCx transm 
100= SCCx transm 
101 = SCCx transm 
110= SCCx transm 
111 = SCCx transm 



itclockisBRGI. 

it clock is BRG2. 

it clock is BRG3. 

it clock is BRG4. 

it clock for X = 1 ,2 is CLK1 and for x = 3,4 is CLK5. 

t clock for X = 1 ,2 is CLK2 and for x = 3,4 is CLK6. 

t clock for X = 1 ,2 is CLK3 and for x = 3,4 is CLK7. 

it clock for X = 1 ,2 Is CLK4 and for x = 3,4 is CLK8. 
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7.8.5.4 SI COMMAND REGISTER (SICMR). The 8-bit SICMR allows the user to 
dynamically program the SI RAIVI. For more information about dynamic programming, 
refer to 7.8.4.7 SI RAM Dynamic Changes. The contents of this register are valid only in 
the RAM division mode (RDM1-RDM0 bits in SIGMR equal 01 or 11). This register is 
cleared at reset. 



CSRRa 


CSRTa 


CSRRb 


CSRTb 


— 



CSRRx— Change Shadow RAM for TDM A or B Receiver 
When set, this bit will cause the SI receiver to replace the current route with the shadow 
RAM. The bit is set by the user and cleared by the SI. 

= The receiver shadow RAM is not valid. The user can write into the shadow RAM 

to program a new routing. 

1 = The receiver shadow RAM is valid. The SI will exchange between the RAMs and 

take the new receive routing from the receiver shadow RAM. This bit is cleared 
as soon as the switch has completed. 

CSRTx— Change Shadow RAM for TDM A or B Transmitter 

When set, this bit will cause the SI transmitter to replace the current route with the 
shadow RAM. The bit Is set by the user and cleared by the SI. 

= The transmitter shadow RAM is not valid. The user can write into the shadow 

RAM to program a new routing. 

1 = The transmitter shadow RAM is valid. The SI will exchange between the RAMs 

and take the new transmitter routing from the receiver shadow RAM. This bit is 
cleared as soon as the switch has completed. 

Bits 3-0— Reserved 
These bits should be set to zero by the user. 

7.8.5.5 SI STATUS REGISTER (SISTR). The 8-bit SISTR indicates to the user which part 
of the SI RAM is the current-route RAM. The value of this register is valid only when the 
corresponding bit in the SIGMR is clear. This register is cleared at reset. 




CRORa 


CROTa CRORb 


CROTb 


- 



CRORa— Current Route of TDMa Receiver 

= The current-route receiver RAM is in address: 

0-63 when the SI supports one TDM (RDM = 01) 
0-31 when the SI supports two TDMs (RDM = 11) 

1 = The current route receiver RAM is in address: 

64-127 when the SI supports one TDM (RDM = 01) 
32-63 when the SI supports two TDMs (RDM = 11) 
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CROTa— Current Route of TDMa Transmitter 

= The current-route transmitter RAI\^ is in address: 

1 28-1 91 wlien tiie SI supports one TDIVI (RDI^ = 01 ). 
128-159 wtien tlie SI supports two TDIVIs (RDIVI = 1 1). 

1 = The current-route transmitter RAI\/I is in address: 

192-255 when the SI supports one TDIVI (RDIVI = 01). 
160-191 when the SI supports two TDIVIs (RDIVI = 11). 

CRORb— Current Route of TDIVIb Receiver 
This bit is valid only in the RAI\4 division mode (RDI\^ bits in the SIGMR equal 1 1). 

= The current-route receiver RAM is in address 64-95. 

1 = The current-route receiver RAIV! is in address 96-127. 

CROTb— Current Route of TDI\/!b Transmitter 
This bit is valid only in the RAM division mode (RDM bits in the SIGMR equal 11). 

= The current-route transmitter RAM is in address 192-223. 

1 = The current-route transmitter RAM is In address 224-255. 

Bits 3-0— Reserved 

7.8.5.6 SI RAM POINTERS (SIRP). This 32-bit, read-only register indicates to the user 
which RAM entry js currently being serviced. This gives a real-time status of where the SI 
current is inside the TDM frame. 

Although SIRP does not need to be accessed by most users, it does provide information 
that may be helpful for debugging and synchronization of some system activity to the 
activity on the TDMs. Reading SISTR should be sufficient for most applications. 

The user can determine which RAM entry in the SI RAM is currently in progress, but 
cannot determine the status within that entry. For instance, if the RAM entry is 
programmed to select four contiguous time slots from the TDM and the SIRP indicates the 
entry is currently active, the user does not know which of the four time slots is currently in 
progress. The SIRP will, however, change its status immediately when the next SI RAM 
entry begins to be processed. 

NOTE 

The user may also connect one of the four strobes extemally to 
an interrupt pin to generate an interrupt on a particular SI RAM 
entry starting or ending execution by the TSA. 

The value of this register is changed upon transitions of the serial clocks. Before acting on 
the infomfiation in this register, the user should perform two reads and verify that the two 
reads retumed the same value. 

The pointers provided by this register indicate the SI RAM entry word offset that is 
currently in progress. The register is cleared at reset. 
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In all cases, the value In the TxPTR or RxPTR increments by one for each entry (i.e., 16- 
bit SI RAM word) that is processed by the SI. Since each TxPTR and RxPTR is 5 bits 
each, the values in each TxPTR and RxPTR can range from to 31 , corresponding to 32 
different SI RAM entries. 

The full pointer range may not necessarily be used. For instance, if the last bit is set in the 
fifth SI RAM entry, then the pointer will only reflect values from to 4. Once the fifth entry 
is processed by the SI, the pointer is reset to 0. 

The V-bit in each entry shows that the entry is valid. This Information is particularly useful 
if the PTR value happens to be zero. Additionally, the V-bits save the user from having to 
read both the SIRP and the SISTR to obtain the needed information. 

The pointer values are described based on the four possible ways the SI RAM can be 
configured. 

7.8.5.6.1 SIRP When RDM = 00 (One Static TDM). In this case, since 64 entries cannot 
be signified with a single 5-bit pointer, two 5-bit pointers are used — one for the first 32 
entries and one for the second 32 entries. 

RaPTR and RbPTR contain the address of the RAM entry currently active. When the SI 
services entries 1-32, RaPTR will be incremented, and RbPTR will be continuously 
cleared. When the SI services entries 33-64, RaPTR will be continuously cleared, and 
RbPTR will be incremented. 

TaPTR and TbPTR contain the address of the Tx entry currently active. When the SI 
services entries 1-32, TaPTR will be incremented, and TbPTR will be continuously 
cleared. When the SI sen/ices entries 33-64, TaPTR will be continuously cleared, and 
TbPTR will be incremented. 

7.8.5.6.2 SIRP When RDM = 01 (One Dynamic TDM). For the receiver, either RaPTR or 
RbPTR is used, depending on which portion of the SI Rx RAM is currently active. For the 
transmitter, either TaPTR or TbPTR is used, depending on which portion of the SI Tx RAM 
is currently active. 

If Its V-bit is set, RaPTR contains the address of the Rx entry currently active. The SI 
RAM receive address block in use is 0-63, and CRORa = in SISTR. 

If Its V-bIt Is set, RbPTR contains the address of the Rx entry currently active. The SI 
RAM receive address block In use is 64-127, and CRORa = 1 in SISTR. 

If its V-bit is set, TaPTR contains the address of the Tx entry currently active. The SI 
RAM transmit address block in use is 128-191 , and CROTa = in SISTR. 
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If Its V-bIt is set, TbPTR contains the address of the Tx entry currently active. The SI 
RAM transmit address block in use is 192-255, and CROTa = 1 in SISTR. 

7.8.5.6.3 SIRP When RDM = 10 (Two Static TDMs). This is the simplest case, since 
each pointer is continuously used and has only one function. 

RaPTR contains the address of the RXa entry currently active. 

RbPTR contains the address of the RXb entry currently active. 

TaPTR contains the address of the TXa entry currently active. 

TbPTR contains the address of the TXb entry currently active. 

7.8.5.6.4 SIRP When RDM = 11 (Two Dynamic TDMs). In this case, each pointer is 
continuously used, but points to different sections of the SI RAM, depending on whether 
the pointer's value is in the first half (0-15) or the second half (16-31). 

RaPTR contains the address of the RXa entry currently active. If the pointer has a value 
from 0-15, the current-route RAM is SI RAM address block 0-31 , and CRORa = In 
SISTR. If the pointer has a value from 16-31, the current-route RAM is SI RAM address 
block 32-63, and CRORa = 1 in SISTR. 

RbPTR contains the address of the RXb entry currently active. If the pointer has a value 
from 0-15, the current route RAM Is SI RAM address block 64-95, and CRORb = In 
SISTR. If the pointer has a value from 16-31 , the current-route RAM Is SI RAM address 
block 96-1 27, and CRORb = 1 in SISTR. 

TaPTR contains the address of the TXa entry currently active. If the pointer has a value 
from 0-15, the current route RAM is SI RAM address block 128-159, and CROTa = in 
SISTR. If the pointer has a value from 16-31 , the current-route RAM is SI RAM address 
block 160-191, and CROTa = 1 in SISTR. 

TbPTR contains the address of the TXb entry currently active. If the pointer has a value 
from 0-15, the current-route RAM Is SI RAM address block 192-223, and CROTb = in 
SISTR. If the pointer has a value from 224-255, the current-route RAM is SI RAM 
address block 1 60-1 91 , and CROTb = 1 in SISTR. 

7.8.6 SI IDL Interface Support 

The IDL interface is a full-duplex ISDN Interface used to connect a physical layer device to 
the QUICC. The QUICC supports both the basic rate and the primary rate of the IDL bus. 
In the basic rate of IDL, data on three channels, B1, B2, and D, is transferred in a 20-bit 
frame, providing 160-kbps full-duplex bandwidth. The QUICC is an IDL slave device that is 
clocked by the IDL bus master (physical layer device) and has separate receive and 
transmit sections. Because the QUICC can support two TDMs, it can actually support two 
independent IDL buses using separate clocks and sync pulses as shown in Figure 7-31. 
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Figure 7-31. Dual IDL Bus Application Example 



7.8.6.1 IDL INTERFACE EXAMPLE. An example of the IDL application is the ISDN 
terminal adaptor shown in Figure 7-32. In such an application, the IDL interface is used to 
connect the 2B+D channels between the QUiCC, CODEC, and S/T transceiver. One of 
the QUICC SCCs would be configured to HDLC mode to handle the D channel; another 
QUICC sec would be used to rate adapt the terminal data stream over the first B 
channel. That SCO would be configured for HDLC mode if V.I 20 rate adaption is required. 
The second B channel could be routed to the CODEC as a digital voice channel, if 
desired. The SPI is used to send initialization commands and periodically checl< status 
from the S/T transceiver. The SCC connected to the terminal would be configured for 
UART or other protocol depending on the terminal protocol used. Alternatively, instead of 
a terminal, a connection to a LAN could be made via Ethernet. 
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Figure 7-32. IDL Terminal Adaptor 



SI 

The QUICC can identify and support each iDL channel or can output strobe lines for 
interfacing devices that do not support the IDL bus. 

The IDL signals for each transmit and receive channel are as follows: 

L1 RCLKx— IDL clock; input to the QUICC. 

L1 RSYNCx— IDL sync signal; Input to the QUICC. This signal indicates that the clock 
periods following the pulse designate the IDL frame. 

L1 RXDx— IDL receive data; input to the QUICC. Valid only for the bits that are 
supported by the IDL; ignored for other signals that may be present. 

L1TXDX— IDL transmit data; output from the QUICC. Valid only for the bits that are 
supported by the IDL; three-stated otherwise. 

LI RQx— IDL request pemriisslon to transmit on the D channel; output from the QUICC 
on L1 RQx pin. 

L1GRx— IDL grant pemnission to transmit on the D Channel; input to the QUICC on 
LITSYNCxpin. 

NOTE 

X = a and b for TDMa and TDMb. 

The basic rate IDL bus has three channels: 
B1 — 64 kbps bearer channel 
B2 — 64 kbps bearer channel 
D — 16 kbps signaling channel 

There are two definitions of the IDL bus frame structure: 8 bits and 10 bits (see Figure 
7-33). The difference between them is only the channel order within the frame. 
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NOTE: LI RQx and LI GRx are not shown. 

Figure 7-33. IDL Bus Signals 

NOTE 

Previous versions of Motorola's IDL-defined bit functions, 
called auxiliary (A) and maintenance (M), were eliminated from 
the IDL definition when it was decided that the IDL control 
channel would be out-of-band. They were defined as a subset 
of the Motorola SPI format called serial control port (SCR). If a 
user wishes to implement the A and M bit functions as 
originally defined, the TSA may be programmed to access 
these bits and to route them transparently to an SCC or SMC. 
To perform the out-of-band signaling required, the QUICC's 
SPI may be used. 

The QUICC supports all channels of the IDL bus in the basic rate. Each bit in the IDL 
frame can be routed to every SCC and SMC or can assert a strobe output for supporting 
an external device. 
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The QUICC supports the request-grant method for contention detection on the D channel 
of the IDL basic rate. When the QUICC has data to transmit on the D channel, it asserts 
L1 RQx. The physical layer device monitors the physical layer bus for activity on the D 
channel and indicates that the channel is free by asserting L1GRx. The QUICC samples 
the L1GRx signal when the IDL sync signal (LIRSYNCx) is asserted. If L1GRx is high 
(active), the QUICC transmits the first zero of the opening flag in the first bit of the D 
channel. If a collision is detected on the D channel, the physical layer device negates 
LIGRx. The QUICC then stops its transmission and retransmits the frame when L1GRx is 
reasserted. This procedure is handled automatically for the first two buffers of a frame. 

For the primary rate IDL, the QUICC can support up to four 8-bit channels In the frame, 
determined by the programming of the SI RAIVI. To support more channels, the user can 
route more than one channel to every SCC, which the SCC will treat as one high-speed 
stream and store in the same data buffers (this approach is appropriate only for 
transparent data). Additionally, the QUICC can be used to assert strobes for support of 
additional IDL channels externally. 

The IDL Interface supports the CCITT 1.460 recommendation for data rate adaptation, 
since it can separately access each bit of the IDL bus. The current-route RAM specifies 
which bits are supported by the IDL interface and by which serial controller. The receiver 
will receive only the bits that are enabled by the receiver route RAiVI. The transmitter will 
transmit only the bits that are enabled by the transmitter route RAM and will three-state 
LITXDx otherwise. 

7.8.6.2 IDL INTERFACE PROGRAMMING. The user can program the channels used for 
the IDL bus interface to the appropriate configuration. First, the user should program the 
SIMODE to the IDL grant mode for that channel, using the GMx bits. The user can 
program more than one channel to interface to the IDL bus. If the receive and transmit 
section are used for interfacing to the same IDL bus, the user can internally connect the 
receive clock and sync signals to the Si RAM transmit section, using the CRTx bits. The 
user has to program the RAM section used for the IDL channels to the desired routing. 
(An example is shown in 7.8.4.6 SI RAM Programming Example.) The user should then 
define the IDL frame structure to be a delay of 1 bit from frame sync to data, to falling 
edge sample sync, and the clock edge to transmit on the rising edge of the clock. The 
LITXDx pin should be programmed to be three-stated when inactive (through the parallel 
I/O open-drain register). To support the D channel, the user must program the appropriate 
GRx bit in SIMODE and program the RAM entry to route data to that serial controller. The 
two definitions of IDL, 8 bits and 10 bits, are supported by only modifying the SI RAM 
programming. In both cases,' the LIGRx pin will be sampled with the LITSYNCx signal 
and transferred to the D channel SCC as a grant indication. The same procedure is valid 
for supporting an IDL bus in the second channel. 
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For example, assuming the 7.8.4.6 SI RAM Programming Example, which uses SCC1 , 
SCC2, and SCC4, connected to the TDMx pins, with no other SCCs connected, the 
initialization sequence is as follows: 

1 . Program the SI RAM. Write all entries that are not used with $0001 , setting 
the LST bit and disabling the routing function. 



Entry 
No. 


RAM Word 


SWTR 


SSEL 


CSEL 


CNT 


BYT 


LST 


Description 


1 





0000 


010 


0000 


1 





8 Bits SCG2 


2 





0000 


001 


0000 








1 Bit SCC1 


3 





0000 


000 


0000 








1 Bit No Support 


4 





0000 


100 


0000 


1 





8 Bits SCC4 


5 





0001 


001 


0000 





1 


1 Bit SCC1 Strobel 




NOTE 

Since IDL requires the same routing for both receive and 
transmit, an exact duplicate of the above entries should be 
written to both the receive and transmit sections of the SI RAM 
beginning at SI RAM addresses and 128, respectively. 

2. SIMODE = $00000145. Only TDMa is used; the SMCs are not connected. 

3. SICR = $40004000. Only SCC4, SC02, and SC01 are connected to the TSA. 
SCC1 supports the grant mechanism since it is on the D channel. 

4. PAODR bit 6 = 1. Configures LITXDa to an open-drain output. 

5. PAPAR bits 6, 7, and 8 = 1 . Configures LITXDa, LI RXDa, and LI RCLKa. 

6. PADIR bits 6 and 7 = 1 . PADIR bit 8 = 0. Configures LITXDa, LI RXDa, and 
LI RCLKa. 

7. PCPAR bits 3, 10, and 11 = 1 . Configures LIRQa, LITSYNCa, and LIRSYNCa. 

8. PCDIR bit 3 = 0. LIRQa is an input. LITSYNCa will perform the LIGRa function 
and is therefore an output, but it does not need to be configured with a PCDIR bit. 
LI RSYNCa is an input, but it does not need to be configured with a PCDIR bit. 

SIGMR = $04. Enable TDMa (one static TDM). 

SICMR is not used. 



9. 
10. 
11. 



12. 



SISTR and SIRP do not need to be read, but can be used for debugging 
information once the channels are enabled. 

Enable the SCC1 for HDLC operation (to handle the LAPD protocol of 
the D channel), and set SCC2 and SCC4 as desired. 
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7.8.7 SI GCI Support 

The normal mode of the GCI, also known as the ISDN-oriented modular rev 2.2 (IOM-2), 
and the SCIT are fully supported by the QUICC. The QUICC also supports the D channel 
access control In S/T interface terminals by using the command/indication (C/l) channel 
for that function. 

The GCI bus consists of four lines: two data lines, a clock, and a frame synchronization 
line. Usually, an 8-kHz frame structure defines the various channels within the 256-kbps 
data rate. The QUICC can support two independent GCI buses and has independent 
receive and transmit sections for each one. The interface can also be used in a 
multiplexed frame structure on which up to eight physical layer devices multiplex their GCI 
channels. In this mode, the data rate would be 2048 kbps. 

In the GCI bus, the clock rate is twice the data rate. The SI divides the input clock by two 
to produce the data clock. 

The QUICC also has data strobe lines, and the 1x data rate clock LICLKOx output pins. 
These signals are used for interfacing devices to GCI that do not support the GCI bus. 

The GCI signals for each transmit and receive channel are as follows: 

L1 RSYNCx^Used as GCI sync signal; input to the QUICC. This signal indicates that 
the clock periods following the pulse designate the GCI frame. 

L1 RCLKx— Used as GCI clock; input to the QUICC. The L1 RCLKx signal is twice the 
data clock. 

L1 RXDx— Used as GCI receive data; input to the QUICC. 

LITXDx— Used as GCI transmit data; open-drain output. Valid only for the bits that are 
supported by the IDL; three-stated othenA/ise. 

LICLKOx— Optional signal; output from QUICC. Thi^ 1x clock output can be used to 

clock devices that do not interface directly to GCI. If the double-speed clock 
is used, (DSCx bit is set in the SIMODE), this output is the L1 RCLKx 
divided by 2; othen/vise, it is simply a 1 x output of the L1 RCLKx signal. 
Note that on the l\/!C68302 this signal was known as GCIDCL. 

NOTE 

X = a and b for TDMa and TDMb. 
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Figure 7-34 shows the GCI bus signals. 
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(2x THE DATA RATE) (CLOCK NOT TO SCALE) 
L1SYNG [ I 



L1RXD 
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B1 



B2 
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D1 D2 



C/l 



T E - 




NOTE: LICLKOx is not shown. 

Figure 7-34. GCI Bus Signals 

In addition to the 144-l<bps ISDN 2B+D channels, the GCI provides five channels for 
maintenance and control functions: 

81 — 64 kbps bearer channel 

82 — 64 kbps bearer channel 

M— 64 kbps monitor (M) channel 

D— 16 kbps signaling channel 

C/l — 48 kbps C/l channel (includes T and E bits) 

The M channel is used to transfer data between layer 1 devices and the control unit (i.e., 
the CPU32+ core). The C/l channel is used to control activation/deactivation procedures 
or to switch test loops by the control unit. The M and C/l channels of the GCI bus should 
be routed to SMC1 or SI\/IC2, which have modes to support the M and C/l channel 
protocols. 

The QUICC can support any channel of the GCI bus in the primary rate by modifying the 
SI RAM programming. 

The GCI supports the CCITT 1.460 recommendation as a method for data rate adaptation, 
since it can access each bit of the GCI separately. The current-route RAM specifies which 
bits are supported by the interface and by which serial controller. The receiver will receive 
only the bits that are enabled by the SI RAM. The transmitter will transmit only the bits that 
are enabled by the SI RAM and will not drive LITXDx; othenA/ise, LITXDx is an open- 
drain output and should be pulled high externally. 



7-100 MC68360 USER'S MANUAL MOTOROLA 



SI 

The QUICC supports contention detection on the D channel of the SCiT bus. When the 
QUICC has data to transmit on the D channel, it checlcs a SCIT bus bit that is marked with 
a special route code (generally, bit 4 of C/l channel 2). The physical layer device monitors 
the physical layer bus for activity on the D channel and indicates on this bit that the 
channel Is free. If a collision is detected on the D channel, the physical layer device sets 
bit 4 of C/l channel 2 to logic high. The QUICC then aborts its transmission and 
retransmits the frame when this bit is set again. This procedure is handled automatically 
for the first two buffers of a frame. 

7.8.7.1 SI GCI ACTIVATION/DEACTIVATION PROCEDURE. In the deactivated state, 
the clock pulse is disabled and the data line Is at a logic one. The layer 1 device activates 
the QUICC by enabling the clock pulses and by an indication in the channel C/l channel. 
The QUICC will report to the CPU32+ core by a maskable interrupt that a valid indication 
is in the SMC receive BD. 

When the CPU32+ core activates the line, the data output of LITXDn is programmed to 
zero by setting the STZx bit in the SIIVIODE register. Code (command timing TIM) will be 
transmitted on channel C/l channel to the layer 1 device until the STZx bit is reset. The 
physical layer device will resume the clock pulses and will give an indication in the 
channel C/l channel. The CPU32+ core should reset the STZx bit to enable data output. 

7.8.7.2 SI GCI PROGRAMMING. The following paragraphs describe programming for 
both the nomial mode GCI and SCIT. 

7.8.7.2.1 Normal Mode GCI Programming. The user can program the channels used for 
the GCI bus interface to the appropriate configuration. First, the user should program the 
SIMODE to the GCI/SCIT mode for that channel, using the DSCx, FEx, CEx, and RFSDx 
bits. This mode defines the sync pulse to GCI sync for framing and data clock as one-half 
the Input clock rate. The user can program more than one channel to interface to the GCI 
bus. Also, if the receive and transmit section are used for interfacing the same GCI bus, 
the user can internally connect the receive clock and sync signals to the SI RAM transmit 
section, using the CRTx bits. The user should then define the GCI frame routing and 
strobe select using the SI RAM. When the receive and transmit section use the same 
clock and sync signals, the user should program the receive section as well as the 
transmit section to the same configuration. The LITXDx pin in the I/O register should be 
programmed to be an open-drain output. To support the monitor and the C/l channels in 
GCI, the user should route those channels to one of the SMCs. To support the D channel 
when there is no possibility of collision, the user should clear the GRx bit corresponding to 
the sec that supports the D channel in the SIMODE. 

7.8.7.2.2 SCIT Programming. For interfacing the GCI/SCIT bus, the user should program 
the SIMODE to the GCI/SCIT mode. The SI RAM is programmed to support a 96-bit frame 
length, and the frame sync is programmed to the GCI sync pulse. Generally, the SCIT bus 
supports the D channel access collision mechanism. For this purpose, the user should 
program the receive and transmit sections to use the same clock and sync signals, using 
the CRTx bits, and program the GRx bits to transfer the D channel grant to the SCO that 
supports this channel. The user should mark the received bit, which is the grant bit, by 
programming the channel select bits of the SI RAM to 1 1 1 for an internal assertion of a 
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strobe on this bit. This bit will be sampled by the SI and transferred to the D channel SCC 
as the grant. The bit is generally bit 4 of the C/i in channel 2 of GCI, but any other bit may 
be selected using the SI RAM. 

For example, assuming SCC1 is connected to the D channel, SCC2 Is connected to the 
B1 channel, and SCC4 is connected to the B2 channel, SMC1 is used to handle the C/I 
channels, and the D channel grant Is on bit 4 of the C/I on SCIT channel 2, the 
initialization sequence is as follows: 

1 . Program the SI RAM. Write all entries that are not used with $0001 , setting 
the LST bit and disabling the routing function. 




Entry 
No. 


RAM Word 


SWTR 


SSEL 


CSEL 


CNT 


BYT 


LST 


Description 


1 





0000 


010 


0000 


1 





8 Bits SCC2 


2 





0000 


100 


0000 


1 





8 Bits SCC4 


3 





0000 


101 


0000 


1 





8BitsSMC1 


4 





0000 


001 


0001 








2 Bits SCC1 


5 





0000 


101 


0101 








6 Bits SMC1 


6 





0000 


000 


0110 


1 





Sl<ip 7 Bytes 


7 





0000 


000 


0001 








Sldp2Bits 


8 





0000 


111 


0000 





1 


D Grant Bit 



NOTE 

Since GCI requires the same routing for both receive and 
transmit, an exact duplicate of the above entries should be 
written to both the receive and transmit sections of the SI RAM 
beginning at addresses and 128, respectively. 

2. SIMODE = $000080E0. Only TDMa is used; SMC1 is connected. SCIT mode Is 
used in this example. 

NOTE 

If SCIT mode is not used, delete the last three entries of the SI 
RAM and set the LST bit in the new last entry. 

3. SICR = $40004000. SCC4, SCC2, and SCC1 are connected to the TSA. SCC1 
supports the grant mechanism since it is on the D channel. 

4. PAODR bit 6 = 1 . Configures LITXDa to an open-drain output. 

5. PAPAR bits 6, 7, and 8 = 1. Configures LITXDa, LIRXDa, and LIRCLKa. 

6. PADIR bits 6 and 7 = 1 . PADIR bit 8 = 0. Configures LITXDa, LI RXDa, and 
LIRCLKa. 

7. If the 1 X GCI data clock is required, set PBPAR bit 1 1 and PBDIR bit 1 1 , which 
configures LI CLKOa as an output. 

8. POPAR bit 1 1 = 1 . Configures L1 RSYNCa. 
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9. SIGMR = $04. Enable TDMa (one static TDM). 

10. SICMR is not used. 

1 1 . SISTR and SIRP do not need to be read, but can be used for debugging 
information once the channels are enabled. 

12. Enable the SCC1 for HDLC operation (to handle the LAPD protocol of 

the D channel), set SCC2 and SCC4 as desired, and enable SMC1 for SCIT 
operation. 

7.8.8 NMSI Configuration 

The SI supports an NMSI mode for each of the SCCs and SMCs. The decision of whether 
to connect a given SCO to the NMSI is made in the SICR. The decision of whether to 
connect a given SMC to the NMSI is made in the SIMODE register. 

An sec or SMC may be connected to the NMSI, regardless of which other channels are 
connected to a TDM channel. The user should note, however, that NMSI pins may be 
multiplexed with other functions at the parallel I/O lines. Therefore, if a combination of 
TDM and NMSI channels is used, the decision of which SCCs and SMCs to connect and 
where to connect them should be made consulting the QUICC pinout. Generally speaking, . 
the TDMa channel is multiplexed with many of the SCC4 pins; whereas, the TDMb 
channel is multiplexed with many of the SCC3 pins. I 

The clocks that are provided to the SCCs and SMCs are derived from twelve sources: four 
internal baud rate generators and eight external CLK pins (see Figure 7-35). There are 
two main advantages to the bank-of-clocks approach. First, an SCC or SMC is not forced 
to choose its clock from a pre-defined pin or baud rate generator, which allows flexibility in 
the pinout mapping strategy. Second, if a group of SCC receivers and transmitters need 
the same clock rate, they can share the same pin. This configuration leaves additional 
pins for other functions and minimizes potential skew between multiple clock sources. 

The four baud rate generators also make their clocks available to external logic, 
regardless of whether the baud rate generators are being used by an SCC or SMC. Note 
that the BRGOx pins are multiplexed with other functions; therefore, all BRGOx pins may 
not always be available. Note that BRG03 has the flexibility to be output on both port A 12 
and port 8 16. See the pinout description in Section 11 Ordering Information and 
Mechanical Data for more details. 

There are a few restrictions In the bank-of-clocks mapping. First, only eight of the twelve 
sources can be connected to any given SCC receiver or transmitter. Second the SMC 
transmitter must have the same clock source as the receiver when connected to the NMSI 
pins. 

Once the clock source is selected, the clock is given an internal name. For the SCCs, the 
name is RCLKx and TCLKx. For the SMCs, the name is simply SMCLKx. These internal 
names are used only in NMSI mode to specify the clock that is sent to the SCC or SMC. 
These names do not correspond to any pins on the QUICC. 
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NOTE 

The Internal RCLKx and TCLKx may be used as Inputs to the 
DPLL unit, which is Inside the SCC. Thus, the RCLKx and 
TCLKx signals are not required to always reflect the actual bit 
rate on the line. 

The exact pins available to each SCC and SMC in the NMSI mode are summarized in 
Figure 7-35. 
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RX 



SCC1 
TX 
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Figure 7-35. Banic of Cioclcs 
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The SCC1 In NMSI mode has its own set of modem control pins: 
TXD1 
RXD1 

TCLK1 <- BRG1-BRG4, CLK1-CLK4 
RCLK1 <- BRG1-BRG4, CLK1-CLK4 



RTS1 
CTST 
CDT 

The SCC2 In NMSI mode has its own set of modem control pins: 
TXD2 
RXD2 

TCLK2 <- BRG1-BRG4, CLK1-CLK4 
RCLK2 <- BRG1-BRG4, CLK1-CLK4 



RTS2 
CTS2 




CD2 



The SCC3 In NMSI mode has its own set of modem control pins: 
TXD3 
RXD3 

TCLK3 <- BRG1-BRG4, CLK5--CLK8 
RCLK3 <- BRG1-BRG4, CLK5-CLK8 



RTS3 
CTS3 



CD3 



The SCC4 in NMSI mode has its own set of modem control pins: 
TXD4 
RXD4 

TCLK4 <- BRG1-BRG4, CLK5-CLK8 
RCLK4 <- BRG1-BRG4, CLK5-CLK8 



RTS4 
CTS4 



CD4 
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The SMC1 in NMSI mode has its own set of modem control pins: 

SMTXD1 

SMRXD1 

SMCLK1 <- BRG1-BRG4, CLK1-CLK4 

SMSYN1 (used only in the totally transparent protocol) 
The SI\/IC2 in NMSI mode has its own set of modem control pins: 

SMTXD2 

SMRXD2 

SMCLK2 <- BRG1-BRG4, CLK5-CLK8 

SMSYN2 (used only in the totally transparent protocol) 

Any SCO or SMC that requires fewer pins that those listed may use that pin for another 
function or configure that pin as a parallel I/O pin. 

Since some SCCs use external clock pins CLK1-CLK4 and other SCCs use external 
clock pins CLK5-CLK8, it might seem that there is no way to provide one external clock 
source on one CLK pin to be used by all four SCCs. However, the QUICC provides a 
simple clock bridge function from external CLK8 to the internal CLK4 connection, even if 
the CLK4 pin is used for another of its programmable functions. This configuration allows 
SCC1/SCC2 to share clocks with SCC3/SCC4 without wasting an external pin. This is 
shown in the port A pin assignment in Section 6 System Integration Module (SIM60). 

7.9 BAUD RATE GENERATORS (BRGs) 

The CPM contains four, independent, identical BRGs that can be used with the SCCs and 
SMCs. The clocks produced in the BRG are sent to the bank-of-clocks selection logic, 
where they can be routed to the SCCs and/or SMCs. The bank-of-clocks logic is 
described in 7.8.8 NMSI Configuration. In addition, the output of the BRG may be routed 
to a pin to be used externally. The main features of the BRGs are as follows: 

• Four, Independent, Identical BRGs 

• On-the-Fly Changes Allowed 

• Each BRG May Be Routed to One or More SCCs or SMCs 

• A 16x Divider Option Allows Slow Baud Rates at High System Frequencies 

• Each BRG Contains an Autobaud Support Option 

• Each BRG Output May Be Routed to a Pin (e.g., BRG01) 

Refer to Figure 7-36 for the BRG block diagram. 
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Figure 7-36. Baud Rate Generator Block Diagram 

The clock Input to the prescaler may be selected by the EXTC bits to come from one of 
three sources: BRGCLK, CLK2, or CLK6. Each source Is discussed in the following 
paragraphs. 

The BRGCLK is generated In the QUICC clock synthesizer specifically for the four BRGs 
(as well as a fifth BRG that is part of the SPI) and defaults to the system frequency (e.g., 
25 MHz). However, the clock synthesizer in the SIM60 has an option to divide the 
BRGCLK by 1, 4, 16, or 64 before it leaves the clock synthesizer. Whatever the resulting 
frequency of BRGCLK, the user may use that frequency as the input to the QUICC BRGs. 

The ability to reduce the frequency of BRGCLK before it leaves the clock synthesizer is 
useful In low-power applications. In a low-power mode, the BRG clocking could be a 
significant factor In overall QUICC power consumption. Thus, if the BRGs do not need tp 
generate high frequencies or do not require a high resolution in the user application, a 
lower frequency BRGCLK may be input to the BRGs. The user may wish to dynamically 
change the general system clock frequency in the clock synthesizer (slow go mode) while 
still having the BRG run at the original frequency. The BRGCLK allows this option also. 

NOTE 

The BRG configuration register may be written at any time, 
regardless of the BRGCLK input frequency. 

Alternatively, the user may choose the CLK2 or CLK6 pins to be the clock source. An 
external pin allows flexible baud rate frequency generation, regardless of the system 
frequency. Additionally, the CLK2 or CLK6 pins allow a single external frequency to 
become the input clock for multiple BRGs. The clock signals on the CLK2 and CLK6 pins 
are not synchronized Internally prior to being used by the BRG. 
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Next, the BRG provides a divide-by-16 option before the clocl< reaches the prescaler. This 
option is chosen by the DIV16 bit. 

The clocl< is then divided in the prescaler by up to 4096. This input clocl( divide ratio can 
be programmed on the fiy. Two on-the-fly BRG changes should not occur within a time 
shorter than the period of at least two BRG input clocks. 

The output of the prescaler is sent Internally to the bank of clocks and may also be output 
externally on the BRGOx pins of either the port A or port B parallel I/O. One BRGOx pin 
(BRG04-BRG01) is an output from the corresponding BRG. If the BRG divides the clock 
by an even value, the transitions of the BRGO pin will always occur on the falling edge of 
the input clock to the BRG. If the BRG Is programmed to an odd value, the transitions will 
altemate between the falling and rising edges of the input clock. 

Additionally, the output of the BRG may be sent to the autobaud control block described in 
the following paragraphs. 

7.9.1 Autobaud Support 

in the autobaud process, a DART deduces the baud rate of its received character stream 
by looking at the pattern received as well as the timing information of that pattern. The 
QUICC BRGs have a built-in autobaud control function that automatically measures the 
length of a start bit and modifies the baud rate accordingly. (This capability was only 
available on the MC68302 with a special microcode option.) 

If the ATB bit in the BRG is set, the autobaud control block starts to search for a low level 
on the corresponding RXDx input line (RXD4-RXD1). When it finds a low level on the 
RXDx line, it assumes that this is the beginning of a start bit and begins counting the start 
bit length. During this time, the BRG output clock toggles for 16 BRG clock cycles at the 
BRG input clock rate, and then stops with the BRGO output clock in the low state. 

After the RXDx line changes back to the high level, the autobaud control block rewrites the 
CD and DIV16 bits in the BRG configuration register to the divide ratio it found. Due to 
measurement error that can occur at high baud rates, this divide rate written by the 
autobaud controller may not be the precise, final baud rate desired by the user (e.g., 
56600 could be the resulting baud rate, rather than 57600). Thus, an interrupt is provided 
to the user in the UART SCO event register to signify that the BRG configuration register 
was rewritten by the autobaud controller. On recognition of this interrupt, the user should 
rewrite the BRG configuration register with the desired value. The user is encouraged to 
do this as quickly as possible, even prior to the first character being fully received, to 
ensure that all characters are recognized correctly by the UART. 

Once a full character is received, the user may check in software to see if the received 
character matches a predefined value (such as "a" or "A"). Software should then check for 
other characters (such at "t" or "T") and program the SCO to the desired parity mode. 
Changes in the parity mode may be accomplished in the UART protocol specific mode 
register (PSMR). 
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NOTES 

The sec associated with this BRG must be programmed to 
UART mode. The SCO must have the TDCR and RDCR bits In 
the general SCO mode register set to the 16x option for the 
autobaud function to operate correctly. 

The Input clock that Is supplied to the BRG In autobaud mode 
should be as fast as possible to Improve the accuracy of the 
start bit measurement. An Input clock frequency at or near 25 
MHz is recommended. 

7.9.2 BRG Configuration Register (BRGC) 

Each BRGC Is a 24-blt, memory-mapped, read/write register that is cleared at reset. A 
reset disables the BRG and puts the BRGO output clock to the high level. The BRGC can 
be written at any time with no need to disable the SCCs or the external devices that are 
connected to the BRGO output clock. The BRG changes will occur at the end of the next 
BRG clock cycle (no spikes will occur on the BRGO output clock). The BRGC allows on- 
the-fly changes. Two on-the-fly changes to the BRG should not occur within a time shorter 
than the period of at least two BRG Input clocks. 



23 


22 


21 


20 


19 


18 


17 


16 


15 


14 
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Bits 23-18— Reserved 

RST— Reset BRG 
This bit performs a software reset of the BRG Identical to that of an external reset. A 
reset disables the BRG and sets the BRGO output clock. (This can only be seen 
extemally If the BRGO function is enabled to reach the corresponding port B parallel I/O 
pin) 
0= Enable the BRG. 
1 = Reset the BRG (software reset). 

EN— Enable BRG Count 
This bit is used to dynamically stop the BRG from counting, which may be useful for 
low-power modes. 

= Stop all clocks to the BRG. 

1 = Enable clocks to the BRG. 
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EXTC1-EXTC0— External Clock Source 

The EXTC bits select the BRG input clock from the internal BRGCLK or one of three 
external pins. 

00 = The BRG input clock comes from the BRGCLK (intemal clock generated by the 

clock synthesizer in the SIM60). 

01 = The BRG input clock comes from the CLK2 pin. 
10= The BRG input clock comes from the CLK6 pin. 
1 1 =s Reserved. 

ATB — ^Autobaud 
When set, this bit selects autobaud operation of the BRG on the corresponding RXDx 
pin. 

= Normal operation of the BRG. 

1 = When RXDx goes low, the BRG will detennine the length of the start bit and 

synchronize the BRG to the actual baud rate. 

CD1 1-CDO— Clock Divider 
The clock divider bits, CD11-CD0, and the prescaler determine the BRG output clock 
rate. CD11-CD0 are used to preset a 12-bit counter that is decremented at the 
prescaler output rate. The counter is not accessible to the user. When the counter 
reaches zero, it is reloaded from the clock divider bits. Thus, a value of $FFF in CD1 1- 
CDO produces the minimum clock rate (divide by 4096), and a value of $0000 produces 
the maximum clock rate (divide by 1). 

Even when dividing by an odd number, the counter ensures a 50% duty cycle by 
asserting the terminal count once on clock low and next on clock high. The terminal 
count signals counter expiration and toggles the clock. 

DIV16— BRG Clock Prescaler Divide by 16 
The BRG clock prescaler bit selects a divide-by-1 or divide-by-1 6 prescaler for the clock 
divider input. 

7.9.3 UART Baud Rate Examples 

The BRGO output clock must never be faster than the SyncCLK frequency divided by 2. 
Produced in the clock synthesizer in the SIM60, SyncCLK is the frequency used internally 
by the synchronization circuitry in the SCCs, SMCs, and SPI. It defaults to the main 
system frequency (e.g., 25 MHz). Thus, with a 25-MHz system where the SyncCLK is the 
same as the main system frequency, the maximum BRGO output clock rate is 12.5 MHz. 

Based on the BRGO output clock frequency, the serial bit rate may be calculated. The 
user should program the UART to 16x oversampling (RDCR and TDCR bits in the general 
see mode register) when using the SCC as a UART. (On the QUICC, 8x and 32x options 
are also available.) Assuming 16x oversampling is chosen in the UART, a data rate of 
1 2.5 MHz + 1 6 = 781 .3 kbits/sec is the maximum possible UART speed. 
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Putting this together, the following fomnula for calculating the bit rate based on a particular 
BRG configuration for a UART: async baud rate = (BRGCLK or CLK2 or CLK6) + (clock 
divider + 1 ) = (1 or 1 6 depending on the DIV1 6 bit) + (8 or 1 6 or 32 according to the RDCR 
and TDCR bits in the general SCO mode register). 

Table 7-4 lists examples of typical bit rates of asynchronous communication. Note that for 
this mode, the internal clock rate is assumed to be 16x the baud rate. 





Table 7-4. Typical Baud Rates of Asynchronous Communication 
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40 
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21 


56818 





26 


57870 





26 


56889 


115200 





10 


113636 





13 


111607 





12 


118154 




NOTE: All values are decimal. 

For synchronous communication, the internal clock is identical to the baud rate output. To 
get the desired rate, the user can select the appropriate system clock according to the 
following equation: 

sync baud rate = (BRGCLK or CLK2 or CLK6) + (clock divider + 1) + (1 or16 
according to the Dl V1 6 bit) 

For example, to get the rate of 64 kbps, the system clock can be 24.96 MHz, DIV16 = 0, 
and the clock divider = 389. 
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7.10 SERIAL COMMUNICATION CONTROLLERS (SCCs) 

The sec key features are as follows: 

• Implements HDLC/SDLC, HDLC Bus, BISYNC, Synchronous Start/Stop, 
Asynchronous Start/Stop (UART), AppleTalk (LocalTalk), and Totally Transparent 
Protocols 

Ethernet Version of QUICC Supports Full 10 Mbps Ethemet/IEEE 802.3 on SCC1 

Additional Protocols Supported Through Motorola-Supplied RAM Microcodes: 
PROFIBUS, Signaling System#7 (SS7), Async HDLC, DDCMP, V.I 4, and X.21 (see 
Appendix RISC Microcode from RAM). 

2 Mbps HDLC, HDLC Bus, and/or Transparent Data Rates Supported on All Four 
SCCs Simultaneously (Full Duplex). 

10 Mbps Ethernet (Half Duplex) on SCC1 and 2 Mbps on the Other SCCs Supported 
Simultaneously (Full Duplex) 

A Single HDLC or Transparent Channel Can Be Supported at 8 Mbps (Full Duplex) 

sec Clocking Rates up to 1 2.5 MHz at 25 MHz. 

DPLL Circuitry for Clock Recovery with NRZ, NRZI, FMO, FM1, Manchester, and 
Differential Manchester (Also Known as Differential Biphase-L) 

sec Clocks May Be Derived from a Baud Rate Generator, an External Pin, or DPLL. 
Data Clock May Be as High as 3.125 MHz with a 25-MHz Clock 

Supports Automatic Control of the RTS, CTS, and CD Modem Signals 

Multibuffer Data Structure for Receive and Transmit (up to 224 BDs May Be 
Partitioned in Any Way Desired) 

Deep FIFOs (SCCI Has 32-Byte Rx and Tx FIFOs; SCC2, SCC3, and SCC4 Have 
16-Byte Rx and Tx FIFOs) 

Transmit-On-Demand Feature Decreases Time to Frame Transmission 

Low FIFO Latency Option for Transmit and Receive in Character-oriented and Totally 
Transparent Protocols 

Frame Preamble Options 

Full-Duplex Operation 

Fully Transparent Option for Receiver/Transmitter While Another Protocol Executes 
on the Transmitter/Receiver 

Echo and Local Loopback Modes for Testing 

NOTE 

The performance figures listed in the key features assume a 
25-MHz system clock. 
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7.10.1 sec Overview 

The QUICC has four SCCs that can be configured independently to implement different 
protocols. Together, they can be used to implement bridging functions, routers, gateways, 
and interface with a wide variety of standard wide area networks, local area networl<s, and 
proprietary networks. The SCCs have many physical interface options such as Interfacing 
to TDM buses, ISDN buses, and standard modem interfaces (see 7.8 Serial Interface 
with Time Slot Assigner). 

On the QUICC, the SCC does not include the physical interface, but it is the logic which 
formats and manipulates the data obtained from the physical interface. That Is why the SI 
section is described separately. The choice of protocol is Independent of the choice of 
physical interface. 

The SCC is described in terms of the protocol that it Is chosen to run. When an SCC Is 
programmed to a certain protocol, it implements a certain level of functionality associated 
with that protocol. For most protocols, this corresponds to portions of the link layer (layer 2 
of the seven-layer ISO model). Many functions of the SCC are common to all of the 
protocols. These functions are described first in the SCC description. Following that, the 
specific implementation details that make one protocol different from the others are i 
discussed, beginning with the UART protocol. Thus, the reader should read from this point 
up to the UART protocol, and then skip to the particular protocol desired. Since the SCCs I 
use similar data structures across all protocols, the reader's learning time will decrease 
dramatically after understanding the first protocol. 

Each SCC supports a number of protocols: HDLC/SDLC, HDLC bus, BISYNC, 
asynchronous or synchronous start/stop (UART), totally transparent operation, and 
AppleTalk (i.e., LocalTalk). In addition, Ethernet is available on SCC1 of the Ethernet 
version of the QUICC. Although the protocol that is chosen usually applies to both the 
SCC transmitter and receiver, the SCCs have an option of running one-half of the SCC 
with transparent operation while the other half runs the standard protocol. 

Each of the internal clocks (RCLK, TCLK) for each SCC can be programmed with either 
an external or internal source. The Internal clocks can originate from one of four baud rate 
generators or one of four external clock pins. These clocks may be as fast as a 1 :2 ratio of 
the system clock (i.e., 12.5 MHz); however, the SCCs ability to support a sustained bit 
stream depends on the protocol as well as other factors. See Appendix A Serial 
Performance for more details. 

Associated with each SCC is a digital phase-locked loop (DPLL) for external clock 
recovery. The clock recovery options include NRZ, NRZI, FMO, FM1, Manchester, and 
Differential Manchester. The DPLL may be configured to NRZ operation In order to pass 
the clocks and data to/from the SCCs without modifying them. 

Each SCC may be connected to its own set of pins on the QUICC. This configuration is 
called the NMSI and Is described in 7.8 Serial Interface with Time Slot Assi gner. I n this 
configuration, each SCC can support the standard modem interface signals (RTS, CTS, 
and CD) through the port C pins and the CPM interrupt controller (CPIC). Additional 
handshake signals may be supported with additional parallel I/O lines. 
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Refer to the SCO block diagram In Figure 7-37. 
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Figure 7-37. SCC Block Diagram 

7.10.2 General SCC Mode Register (GSMR) 

Each SCC contains a GSMR that defines all the options that are common to each SCC, 
regardless of the protocol. Detailed descriptions of some of the operations of the GSMR 
are given In later sections. GSMR is a read-write register that Is cleared at reset. Since 
GSMR is 64 bits in length, it is accessed as GSMR_L and GSMR_H. GSMR_L contains 
the first (low-order) 32 bits of GSMR; GSMR_H contains the last 32 bits of GSMR. 
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Bits 63-49, 31— Reserved 
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GDE— Glitch Detect Enable 

This bit determines whether the SCC will look for glitches on the external receive and 
transmit serial clock lines provided to this SCC. If this feature is enabled, the presence 
of a glitch will be reported in the SCC event register. Whether or not GDE is set, the 
SCC always attempts to clean up the clocks that It uses internally via a Schmitt trigger 
on the input lines. 

= No glitch detection is performed. This option should be chosen if the external 

serial clock exceeds the limits of the glitch detection logic (6.25 MHz assuming a 
25-MHz system clock). This option should also be chosen if the SCC clock is 
provided from one of the internal baud rate generators. Lastly, this option should 
be chosen if external clocks are used and it is more Important to minimize power 
consumption than to watch for glitches. 

1 = Glitch detection is performed with a maskable interrupt generated in the SCC 

event register. 

TCRC — ^Transparent CRC (Valid for a Totally Transparent Channel Only) 

These bits select the type of frame checking that is provided on the transparent 
channels of this SCC (either the receiver, transmitter, or both as defined by TTX and 
TRX). Although this configuration selects a frame check type, the actual decision to 
send the frame check is made in the Tx BD. Thus, it is not required to send a frame 
check in transparent mode. If a frame check is not used, the user may simply ignore the 
frame check errors that are generated on the receiver. 

00 = 16-bit CCITT CRC (HDLC). (X16 + X12 + X5 + 1) 

01 = CRC1 6 (BISYNC). (XI 6 + X1 5 + X2 + 1 ) 

10 = 32-bit CCITT CRC (Ethernet and HDLC). (X32 + X26 + X23 + X22 + X16 + X12 

+ X11 +X10 + X8 + X7 + X5 + X4 + X2 + X1 +1) 
11= Reserved 

REVD — Reverse Data (Valid for a Totally Transparent Channel Only) 

= Normal operation. 

1 = When set, this bit will cause the totally transparent channels on this SCC (either 

the receiver, transmitter, or both as defined by TTX and TRX) to reverse the bit 
order, transmitting the MSB of each octet first. See 7.10.20.11 BISYNC Mode 
Register (PSMR) for the method of reversing the bit order In the BISYNC 
protocol. 

TRX— Transparent Receiver 
The QUICC SCCs offer totally transparent operation. However, to increase flexibility, 
totally transparent operation is not configured with the MODE bits, but with the TTX and 
TRX bits. This gives the user the opportunity to Implement unique applications, such as 
an SCC transmitter configured to UART and the receiver configured to totally 
transparent operation. To do this, set MODE = UART, TTX = 0, and TRX = 1 . 

= Normal operation. 

1 = The receiver operates in totally transparent mode, regardless of the protocol 

selected for the transmitter in the MODE bits. 
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NOTE 

Full-duplex totally transparent operation for an SCC is obtained 
by setting both TTX and TRX. 

An SCC cannot operate witii Ethernet on Its transmitter 
simultaneously with transparent operation on its receiver, or 
erratic behavior will result. In other words, if the GSMR MODE 
= Ethernet, TTX must equal TRX, or erratic operation will 
result. 

TTX— Transparent Transmitter 
The QUICC SCCs offer totally transparent operation. However, to Increase flexibility, 
totally transparent operation is not configured with the MODE bits, but with the TTX and 
TRX bits. This gives the user the opportunity to implement unique applications, such as 
an SCC receiver configured to HDLC and the transmitter configured to totally 
transparent operation. To do this, set MODE = HDLC, TTX = 1 , and TRX = 0. 

0= Normal operation. 

1 = The transmitter operates in totally transparent mode, regardless of the protocol 
selected for the receiver in the MODE bits. 

NOTE 

Full-duplex totally transparent operation for an SCC is obtained 
by setting both TTX and TRX. 

An SCC cannot operate with Ethernet on its receiver 
simultaneously with transparent operation on its transmitter, or 
erratic behavior will result. In other words, if the GSMR MODE 
= Ethernet, TTX must equal TRX, or erratic operation will 
result. 

CDP— CD Pulse 

= Normal operation — envelope mode. The CD pin should envelope the frame, and 

negating CD while transmitting will cause a CD lost error. 

1 = Pulse mode. Once the CDpin is asserted, synchronization has been achieved, 

and further transitions of CD will have no effect on transmission. 

This mode is similar to the way the CD (sync) pin is used on the MC68302 in totally 
transparent mode. To mimic this b ehav ior on the QUICC, the external sync signal 
should be connected to the CD and CTS pins on the QUICC, and the CDP and CTSP 
bits should be set. 



CTSP— CTS Pulse 



= Normal oper ation — envelope mode. The CTS pin should envelope the frame, and 

a negation of CTS whil e tran smitting will cause a CTS lost error. 

1 = Pulse mode. Once the C TS pi n is asserted, synchronization has been achieved, 

and further transitions of CTS will have no effect on transmission. 
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CDS— CD Sampling 

= The CD input Is assumed to be asynchronous with the data. It Is Intemally 

synchronized by the SCC, and then data Is received. 

1 = The CD Input is assumedto be synchronous with the data, giving faster 

operation. In this mode, CD must transition while the receive clock Is in the low 
state. As soon as CD is low, data begins being received. This mode is e speci ally 
useful when connecting QUICCs In transparent mode since it allows the RTS pin 
of one QUICC to be directly connected to the CD pin of the other QUICC. 



CTSS— CTS Sampling 

= The CTS input is assumed to be asynchronous with the data. It Is Intemally 

synchronized by the SCC, and data Is then transmitted after several serial clock 
dela ys. 

1 = The CTS Input Is assum ed to be synchronous with the data, giving faster 

operation. In this mode, CTS must transition while the transmit clock is In the low 
state. As soon as CTS Is low, data Immediately begins transmission. This mode 
Is e spec ially useful when connecting QUICCs In transpar ent m ode since it allows 
the RTS pin of one QUICC to be directly connected to the CTS pin of the other 
QUICC. 

TFL— Transmit FIFO Length 

= Normal operation. The transmit FIFO is 32 bytes for SCC1 and 16 bytes for the 

other SCCs. 

1 = The transmit FIFO is 1 byte. This may be used with character-oriented protocols 

such as UART to ensure a minimum FIFO latency at the expense of 
performance. 

RFW— Rx FIFO Width 

= Rx FIFO is 32-bits wide for maximum performance. Data will not normally be 

written to receive buffers until at least 32 bits have been received. This 
configuration is required for HDLC-type protocols and Ethernet; It is the 
recommended configuration for high-performance transparent modes. In this 
mode, the receive FIFO Is 32 bytes for SCC1 and 16 bytes for the other SCCs. 

1 = Low-latency operation. The Rx FIFO is 8-bits wide, and the receive FIFO Is one- 

fourth its normal size (8 bytes for SCC1 and 4 bytes for the other SCCs). This 
allows data to be written to the data buffer each time a character Is received, 
without waiting for 32 bits to be received. This configuration must be chosen for 
character-oriented protocols such as UART and BISYNC. It may also be used for 
low-performance, low-latency, totally transparent operation If desired. It must not 
be used with HDLC, HDLC Bus, AppleTalk, or Ethemet, or erratic behavior may 
result. 
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TXSY— Transmitter Synchronized to the Receiver 

The TXSY bit is particularly intended for X.21 applications where the transmitted data 
must begin an exact multiple of 8-bit periods after the receive data arrives. 

= No synchronization between receiver and transmitter (default). 

1 = The transmit bit stream is synchronized to the receiver. Additionally, if RSYN = 1 , 

then transmission in the totally transparent m ode w ill not occur until the receiver 
has synchronized with the bit stream and the CTS signal is asserted to the SCC. 
Assuming CTS is already asserted, transmission will begin eight clocks after the 
receiver begins receiving data. This behavior is similar to the MC68302 totally 
transparent mode behavior when the EXSYN bit in Its SCC mode register is set. 

SYNL— Sync Length (BISYNC and Transparent Mode Only) 

These bits determine the operation of an SCC receiver that is configured for BISYNC or 
totally transparent operation only. See the data synchronization register definition in the 
BISYNC and totally transparent descriptions for more Information. 

00 = The sync pattern In the DSR is not used. An external sync signal is used instead 

(CD pin asserted). 

01 = 4-bit sync. The receiver will synchronize on a 4-bit sync pattern stored in DSR. 

This character and additional syncs can be programmed to be stripped using 
the SYNC character in the parameter RAM. The transmitter will transmit the 
entire contents of the DSR prior to each frame. 

10 = 8-bit sync. This option should be chosen along with the BISYNC protocol to 

implement mono-sync. The receiver will synchronize on an 8-bit sync pattern 
stored in DSR. The transmitter will transmit the entire contents of the DSR prior 
to each frame. 

11 = 16-bit sync. Also called BISYNC. The receiver will synchronize on a 16-bit sync 

pattern stored in DSR. The transmitter will transmit the DSR prior to each frame. 



RTSM— RTS Mode 
This bit may be changed on the fly. 

= Send idles between frames as defined by the protocol and the Tend bit. RTS is 

negated between frames (default). 

1 = Send flags/syncs between frames according to the protocol. RTS is always 

asserted whenever the SCC is enabled. 

RSYN — Receive Synchronization Timing (Valid for a Totally Transparent Channel Only) 

= Normal operation. 

1 = If CDS = 1 , then the CD pin should be asserted on the second bit of the receive 

frame, rather than the first. This configuration matches the behavior of the 
MC68302 totally transparent receiver when its EXSYN bit is set; it is included on 
the QUICC for compatibility. 
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EDGE— Clock Edge 

The EDGE bits determine the clock edge used by the DPLL for adjusting the receive 
sample point due to jitter in the received signal. The selection of the EDGE bits is 
Ignored in the UART protocol or the x1 mode of the RDCR bits. 

00 = Both the positive and negative edges are use for changing the sample point 

(default). 

01 = Positive edge. Only the positive edge of the received signal is used for changing 

the sample point. 

10 = Negative edge. Only the negative edge of the received signal is used for 

changing the sample point. 

1 1 = No adjustment is made to the sample points. 

TCI— Transmit Clock Invert 
0= Normal operation. 

I = The internal transmit clock (TCLK) is Inverted by the SCO before it is used. This 

option allows the SCC to clock data out one-half clock earlier, on the rising edge 
of TCLK rather than the falling edge. In this mode, the SCC offers a minimum 
and maximum "rising clock edge to data" specification. Data output by the SCC 
after the rising edge of an external transmit clock can be latched by the extemal 
receiver one clock cycle later on the next rising edge of the same transmit clock. 
This option is recommended for Ethernet, HDLC, or transparent operation when 
the clock rates are high (e.g., above 8 MHz) to improve data setup time for the 
external receiver. 

TSNC— Transmit Sense 

This bit Indicates the amount of time the internal sense signal will stay active after the 
last transition on the RXD pin, indicating that the line is free. For instance, these bits can 
be used in the AppleTalk protocol to avoid the spurious CD-changed interrupt that would 
othenA/ise occur during the frame sync sequence that precedes the opening flags. 
If RDCR is configured to 1x mode, the delay is the greater of the two numbers listed. If 
RDCR is configured to 8x, 16x, or 32x mode, the delay is the lesser of the two numbers 
listed. 

00 = Infinite — carrier sense is always active (default) 

01 = 14 or 6.5 bit times as detennined by the RDCR bits 

10 = 4 or 1.5 bit times as determined by the RDCR bits (normally chosen for 
AppleTalk) 

I I = 3 or 1 bit times as determined by the RDCR bits 

RINV— DPLL Receive Input Invert Data 

= No Invert 

1 = Invert the data before it is sent to the on-chip DPLL for reception. This setting is 

used to produce FM1 from FMO, NRZI mark from NRZI space, etc. It may also be 
used in regular NRZ mode to invert the data stream. 
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TINV— DPLL Transmit Input Invert Data 

= No invert 

1 = Invert tlie data before it is sent to tlie on-chip DPLL for transmission. This setting 

is used to produce FiVll from FIVIO, NRZI mark from NRZI space, etc. It may also 
be used in regular NRZ mode to invert the data stream. 

In T1 applications, setting TINV and Tend creates a continuously inverted HDLC data 
stream. 

TPL— Tx Preamble Length 
The TPL bits determine the length of the preamble configured by the TPP bits. 

000 = No preamble (default) 

001 = 8 bits (1 byte) 
010= 16 bits (2 bytes) 
Oil = 32 bits (4 bytes) 

100 = 48 bits (6 bytes) (Select this setting for Ethernet operation.) 

101 = 64 bits (8 bytes) 
110= 128 bits (16 bytes) 
111 = Resen/ed 

TPP— Tx Preamble Pattern 

The TPP bits determine what, if any, bit pattern should precede the start of each 
transmit frame. The preamble pattern will be sent prior to the first flag/sync of the frame. 
TPP Is ignored if the SCC is programmed to UART mode. The length of the preamble is 
programmed in TPL. The preamble pattern is typically transmitted to a receiving station 
that uses a DPLL for clock recovery. The receiving DPLL uses the regular pattern of the 
preamble to help it lock onto the received signal in a short, predictable time period. 

00= All zeros 

01 = Repeating 1 0's (Select this setting for Ethernet operation.) 

10= Repeating 01 's 

11= All ones (Select this setting for LocalTalk operation.) 

Tend— Transmitter Frame Ending 
This bit is intended particularly for the NMSI transmitter encoding of the DPLL. Tend 
determines whether the TXD line should idle in a high state or in an encoded ones state 
(which may be either high or low). It may, however, be used with other encodings 
besides NMSI. 

= Default operation. The TXD line is encoded only when data is transmitted 

(including the preamble and opening and closing flags/syncs). When no data is 
available to transmit, the line is driven high. 

1 = The TXD line is always encoded (even when idles are transmitted). 

TDCR— Transmit Divide Clock Rate 
The TDCR bits determine the divider rate of the transmitter. If the DPLL is not used, the 
1x value should be chosen, except in asynchronous UART mode where 8x, 16x, or 32x 
must be chosen. The user should program TDCR to equal RDCR in most applications. 
If the DPLL is used in the application, the selection of TDCR depends on the encoding. 
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NRZI requires 1x; whereas, FM0/FM1, Manchester, and Differential IVIanchester allow 
8x, 16x, or 32x. The 8x option allows highest speed; whereas, the 32x option provides 
the greatest resolution. TDCR is usually equal to RDCR to allow the same clock 
frequency source to control both the transmitter and receiver. 

00 = 1x clock mode (Only NRZ or NRZI encodings are allowed.) 

01 = 8x clock mode 

10 = 16x clock mode (normally chosen for UART and AppleTalk) 
11= 32x clock mode 

RDCR— Receive DPLL Clock Rate 
The RDCR bits determine the divider rate of the receive DPLL. If the DPLL is not used, 
the 1x value should be chosen, except in asynchronous UART mode where 8x, 16x, or 
32 X must be chosen. The user should program RDCR to equal TDCR in most 
applications. 

If the DPLL is used in the application, the selection of RDCR depends on the encoding. 
NRZI requires 1x; whereas, FM0/FM1, Manchester, and Differential Manchester allow 
8x, 16x, or 32x. The 8x option allows highest speed; whereas, the 32x option provides 
the greatest resolution. 

00 = 1x clock mode (only NRZ or NRZI decodings are allowed.) 

01 = 8x clock mode 

10 = 16x clock mode (normally chosen for UART and AppleTalk) 

1 1 = 32x clock mode 

RENC — Receiver Decoding Method 

Select NRZ if the DPLL is not used. The user should program RENC to equal TENC in 
most applications. Do not use this internal DPLL for Ethernet mode. 

000 = NRZ (default setting if DPLL is not used) 

001 = NRZI Mark (set RINV also for NRZI Space) 

010 = FMO (set RINV also for FM1) 

011 = Reserved 
100= Manchester 
101 = Reserved 

110= Differential Manchester (Differential Biphase-L) 
111= Reserved 

TENC— Transmitter Encoding Method 

Select NRZ if the DPLL is not used. The user should program TENC to equal RENC in 
most applications. Do not use this internal DPLL for Ethernet mode. 

000 = NRZ (default setting if DPLL is not used) 

001 = NRZI Mark (set TINV also for NRZI Space) 
010 = FMO (set TINV also for FM1) 

Oil = Reserved 
100= Manchester 
101 = Reserved 

110 = Differential Manchester (Differential Biphase-L) 

111 = Reserved 
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DIAG— Diagnostic Mode 
In normal operation mode, the SCC operates normally. The receive data enters the 
RXD pin and the transmit data is shifted out through the TXD pin. The SCC uses the 
modem signals (CD and CTS) to automatically enable and disable transmission and 
reception. These timings are shown in 7.10.11 SCO Timing Control. 

00 = Normal operation (CTS and CD signals under automatic control) 

In local loopback mode, the transmitter output is internally connected to the receiver 
input, while the receiver and the transmitter operate normally. The value on the RXD pin 
is Ignored. Data can be programmed to appear on th e TXD pin, or the TXD pin can 
remain high by programming the port A register. The RTS line can be programmed 
either to be asserted normally or to remain inactive by programming the serial Interface 
mode register. Other modem lines are ignored. 

When using local loopback mode, the clock source for the transmitter and the receiver 
must be the same. Thus, the same baud rate generator may be used for both 
transmitter and receiver, or the same external CLKx pin may be used for both 
transmitter or receiver. (Separate CLKx pins may be used with the transmitter and 
receiver as long as the CLKx pins are connected to the same external clock signal 
source.) 

01 = Local loopback mode 

NOTE 

If external loopback is desired, the DIAG bits should be 
selected for normal operation, and an external connection 
should be made between the TXD and RXD pins. Clocks may 
be generated internally by a baud rate generator or generated 
externally. The user may physically conne ct the appropriate 
control signals (RTS connected to CD, and CTS gro unded ) or 
the port C register may be used to cause the CD and CTS pins 
to be permanently asserted to the SCC. 

In automatic echo mode, the channel automatically retransmits the received data on a 
bit-by-bit basis using whatever receive clock is provided. The receiver operates normally 
and can receive data if CD is asserted. The transmitter simply transmits received data. 
In this mode, the CTS line is ignored. 

The echo function may also be accomplished in software by receiving buffers from an 
SCC, linking them to Tx BDs and then transmitting them back out of that SCC. 

10 = Automatic echo mode 

In loopback/echo mod e, loopback operation and echo operation occur simultaneously. 
The CD pin and CTS pins are ignored. See the loopback bit description for clocking 
requirements. 

1 1 = Loopback and echo mode 

NOTE 

Users familiar with the MC68302 may notice that the QUiCC 
does not contain "software operation" mode. The software 
operation mode as implemented on the MC68302 can be 
implemented on the QUICC using parallel I/O port C. 
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ENR— Enable Receive 

This bit enables the receiver hardware state machine for this SCC. When ENR is 
cleared, the receiver Is disabled, and any data in the receive FIFO is lost. If ENR is 
cleared during reception, the receiver aborts the current character. ENR may be set or 
cleared regardless of whether serial clocks are present. See 7.10.14 Disabling the 
SCCs on the Fly for a description of the proper methods to disable and reenable an 
SCC. 

NOTE 

The SCC provides other tools to control reception besides the 
ENR bit. They are the ENTER HUNT MODE command, the 
CLOSE Rx BD command, and the E-bit in the Rx BD. 

ENT^Enable Transmit 
This bit enables the transmitter hardware state machine for this SCC. When ENT is 
cleared, the transmitter is disabled. If ENT is cleared during transmission, the 
transmitter aborts the current character, and the TXD pin returns to the idle state. Data 
already in the transmit shift register will not be transmitted. ENT may be set or cleared 
regardless of whether serial clocks are present. See 7.1 0.1 4 Disabling the SCCs on 
the Fly for a description of the proper methods to disable and reenable an SCC. 

NOTE 

The SCC provides other tools to control transmission besides 
the ENT bit. They are the STOP TRANSMIT command, the 
GRACEFUL STOP TRANSMIT command, the RESTART 
TRA NSMIT command, the freeze option in UART mode, the 
CTS flow control option in UART mode, and the ready (R) bit in 
the Tx BD. 

MODE— Channel Protocol mode 

0000 = HDLC 

0001 = Reserved 

001 = AppleTalk (LocalTalk) 

001 1 = SS7 (reserved for RAM microcode) 

0100 = UART 

0101 = PROFIBUS (reserved for RAM microcode) 

0110 = Async HDLC (resen/ed for RAM microcode) 

01 1 1 = V.1 4 (reserved for RAM microcode) 

1000 = BISYNC 

1001 = DDCMP (resented for RAM microcode) 

1010 = Reserved 

1011 = Reserved 

1 100 = Ethernet for SCC1 ; resen/ed in other SCCs 
11xx = Resen/ed 
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7.10.3 sec Protocol-Specific l\/lode Register (PSMR) 

The functionality of tiie SCC varies according to the protocol selected by the MODE bits in 
the GSMR. Each of the four SCC has an additional 16-bit, memory-mapped, read-write 
PSMR that configures the SCC to the special configurations within a chosen mode. A 
detailed description of the PSMR bits is contained within each specific protocol. The 
PSMRs are cleared at reset. 

7.10.4 SCC Data Synclironization Register (DSR) 

Each of the four SCC has a 16-bit, memory-mapped, read-write DSR. The DSR specifies 
the pattern used in the frame synchronization procedure in the synchronous protocols. In 
the DART protocol, it is used to configure fractional stop bit transmission. In the BISYNC 
and totally transparent protocol, it should be programmed with the desired SYNC pattern. 
In the Ethernet protocol, it should be programmed with $D555. At reset, it defaults to 
$7E7E (two HDLC flags), so it does not need to be written for HDLC mode. When DSR is 
used to send out SYNCs (such as in BISYNC or transparent mode), the contents of the 
DSR are always transmitted LSB first. 
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7.10.5 SCC Transmit-on-Demand Register (TODR) 

If no frame is currently being transmitted by an SCC, the RISC controller periodically polls 
the R-bit of the next Tx BD to see If the user has requested a new frame/buffer to be 
transmitted. This polling algorithm depends on the SCC configuration, but occurs every 8 
to 32 serial transmit clocks. The user, however, has an option to request that the RISC 
begin the processing of the new frame/buffer immediately, without waiting until the normal 
polling time. To obtain immediate processing, the TOD bit in the transmit-on-demand 
register is set by the user once the user has set the R-bit in the Tx BD. 

This feature, which decreases the transmission latency of the transmit buffer/frame, is 
particularly useful in LAN-type protocols where maximum interframe GAP times are limited 
by the protocol specification. Since the transmit-on-demand feature gives a high priority to 
the specified Tx BD, It can conceivably affect the servicing of the other SCC FIFOs. 
Therefore, it Is recommended that the transmit-on-demand feature only be used when a 
high-priority Tx BD has been prepared and transmission on this SCC has not occurred for 
a period of time. 

The TOD bit does not need to be set if a new Tx BD Is added to the circular queue but 
other Tx BDs in that queue have not fully completed transmission. In that case, the new 
Tx BD will bq processed immediately following the completion of the older Tx BD s. 
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TOD— Transmit on Demand 

= Normal operation 

1 = The RISC will give a high priority to the current Tx BD and will not wait for the 

normal polling time to check that the Tx BD's R-bit has been set. It will begin 
transmitting the frame. 

Bits 14-0— Reserved 

These bits should be written with zeros. 

7.10.6 sec Buffer Descriptors 

Data associated with each SCC channel is stored in buffers. Each buffer is referenced by 
a BD, which may be located anywhere In internal memory. The QUICC internal memory 
has space for 224 BDs to be shared between the four SCCs and any SMCs and SPIs that 
are used. However, the allocation of BDs to the transmitter or receiver of a serial channel 
is user-defined. Thus, the user may select 100 BDs for the SCCi receiver, 20 BDs for the 
SCC1 transmitter, etc. 

The BD table forms a circular queue with a programmable length. The user can program 
the start address of each channel BD table in the internal memory (see Figure 7-38). The 
user is allowed to allocate the parameter area of an unused channel to the other used 
channels as BD tables or as actual buffers. 

The format of the BDs is the same for each SCC mode of operation and for both transmit 
and receive. The first word in each BD contains a status and control word, which also 
determines the BD table length. Only this first field (containing the status and control bits) 
differs for each protocol. The second word determines the data length referenced to this 
BD, and the two last words in the BD contain the 32-bit address pointer that points to the 
actual buffer in memory. 
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OFFSET + 


STATUS AND CONTROL 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 


HIGH-ORDER DATA BUFFER POINTER 


OFFSET + 6 


LOW-ORDER DATA BUFFER POINTER 



For frame-oriented protocols, a message may reside in as many buffers as necessary 
(transmit or receive). Each buffer has a maximum length of (64K-1) bytes. The CP does 
not assume that all buffers of a single frame are currently linked to the BD table; It does 
assume, however, that the unlinked buffers will be provided by the CPU32+ core in time to 
be either transmitted or received. Failure to do so will result in an error condition being 
reported by the CP. An underrun error is reported in the case of transmit, and a busy error 
is reported in the case of receive. 
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Figure 7-38. SCO Memory Structure 

All protocols can have their buffer descriptors point to data buffers that are located in 
internal dual-port RAM. Typically, however, due to the Internal RAM being used for buffer 
descriptors, it Is customary for the data buffers to be located In external RAM, especially if 
the data buffers are large in size. In all cases, the 1MB is used to transfer the data to the 
data buffer. 

The CP processes the Tx BDs in a straightfonward fashion. Once the transmit side of an 
sec is enabled, it starts with the first BD in that SCC's transmit table. Once the CP 
detects that the Tx BD R-bit was set, it will begin processing the buffer. (The CP will detect 
that the BD is ready either by polling the R-bit periodically or by the user writing to the 
transmit-on-demand register (TODR).) Once the data from the BD has been placed in the 
transmit FIFO, the CP moves on to the next BD, again waiting for that BD's R-bit to be set. 
Thus, the CP does no look-ahead BD processing, nor does it skip over BDs that are not 
ready. When the CP sees the wrap (W) bit set in a BD, it goes back to the beginning of the 
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BD table after processing of the BD is complete. After using a BD, the CP normally sets 
the R-bit to not-ready; thus, the CP will not use a BD twice until the BD has been 
confirmed by the CPU32+ core. (The one exception to this rule is that the QUICC supports 
an option for repeated transmission, called the continuous mode, whereby the R-bit is left 
In the ready position. This is available in some protocols.) 

The CP uses the Rx BDs in a similar fashion. Once the receive side of an SCC Is enabled, 
it starts with the first BD in that SCC's Rx BD table. Once data arrives from the serial line 
into the SCC, the CP performs certain required protocol processing on the data and 
moves the resultant data to the data buffer pointed to by the first BD. Use of a BD is 
complete when there is no more room left in the buffer or when certain events occur, such 
as detection of an error or an end-of-frame. Whatever the reason, the buffer Is then said to 
be closed, and additional data will be stored using the next BD. Whenever the CP needs 
to begin using a BD because new data is arriving, it will check the E-bit of that BD. If the 
current BD is not empty, it will report a busy error. However, it will not move from the 
current BD until It becomes empty. When the CP sees the W-bit set in a BD, it goes bacl< 
to the beginning of the BD table after processing of the BD is complete. After using a BD, 
the CP sets the E-bit to not-empty; thus, the CP will never use a BD twice until the BD has 
been processed by the CPU32+ core. (The one exception to this rule is that the QUICC 
supports an option for repeated reception, called the continuous mode, whereby the E-bit 
is left in the empty position. This is available In some protocols.) 

7,1 0.7 SCC Parameter RAM 

Each SCC parameter RAM area begins at the same offset from each SCC base area. The 
protocol-specific portions of the SCC parameter RAIVI are discussed In the specific 
protocol descriptions. The part of the SCC parameter RAM that is the same for all SCC 
protocols is shown in Table 7-5. 

Certain parameter RAM values (marked in boldface) need to be initialized by the user 
before tiie SCC is enabled; other values are initialized/written by the CP. Once initialized, 
most parameter RAM values will not need to be accessed in user software since most of 
the activity is centered around the transmit and Rx BDs, not the parameter RAM. 
However, if the parameter RAM is accessed by the user, the following regulations should 
be noted. The parameter RAM can be read at any time. The parameter time values 
related to the SCC transmitter can only be written whenever the transmitter is disabled 
(see 7.10.14 Disabling the SCOs on the Fly), after a STOP TRANSMIT and before a 
RESTART TRANSMIT command, or after the buffer/frame completes transmission as a 
result of a GRACEFUL STOP TRANSMIT command and before a RESTART TRANSMIT 
command. The parameter RAM values related to the SCC receiver can only be written 
when the receiver is disabled (see 7.10.14 Disabling the SCOs on the Fly). 
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Table 7-5. SCO Parameter RAM Common to All Protocols 


Address 


Name 


Width 


Description 


sec Base + 00 


RBASE 


Word 


Rx BO Base Address 


sec Base + 02 


TBASE 


Word 


Tx BD Base Address 


sec Base + 04 


RFCR 


Byte 


Rx Function Code 


sec Base + 05 


TFCR 


Byte 


Tx Function Code 


sec Base -i- 06 


MRBLR 


Word 


Maximum Receive Buffer Length 


see Base + 08 


RSTATE 


Long 


Rx Internal State 


sec Base + OC 




Long 


Rx Internal Data Pointer 


see Base + 10 


RBPTR 


Word 


Rx BD Pointer 


sec Base +12 




Word 


Rx Internal Byte Count 


see Base + 14 




Long 


Rx Temp 


sec Base +18 


TSTATE 


Long 


Tx Internal State 


see Base + 1C 




Long 


Tx Internal Data Pointer 


see Base + 20 


TBPTR 


Word 


Tx BD Pointer 


see Base + 22 




Word 


Tx Intemal Byte Count 


see Base + 24 




Long 


TxTemp 


sec Base + 28 


RCRC 


Long 


Temp Receive CRC 


see Base + 2e 


TCRC 


Long 


Temp Transmit CRC 


sec Base + 30 






First Word of Protocol-Specific Area 


see Base + xx 






Last Word of Protocol-Specific Area 



NOTE: The items in boldface should be initialized by the user. 

7.10.7.1 BD TABLE POINTER (RBASE, TBASE). The RBASE and TBASE entries define 
the Starting location in the dual-port RAIVI for the set of BDs for receive and transmit 
functions of the SCC. This provides a great deal of flexibility in how BDs for an SCC are 
partitioned. By selecting RBASE and TBASE entries for all SCCs, and by setting the W-bit 
in the last BD in each BD list, the user may select how many BDs to allocate for the 
transmit and receive side of every SCC. The user must initialize these entries before 
enabling the corresponding channel. Furthermore, the user should not configure BD tables 
of two enabled SCCs to overlap, or erratic operation will occur. 

NOTE 

RBASE and TBASE should contain a value that is divisible by 8. 

7.10.7.2 SCO FUNCTION CODE REGISTERS (RFCR, TFCR). There are eight separate 
function code registers for the four SCC channels: four for receive data buffers (RFCRx) 
and four for transmit data buffers (TFCRx). The FC entry contains the value that the user 
would like to appear on the function code pins FC3-FC0 when the associated SDMA 
channel accesses memory. It also controls the byte-ordering convention to be used in the 
transfers. 
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Receive Function Code Register 



— 


MOT 


FC3-FC0 



Bits 7-5 — Reserved 

IVIOT-— Motorola 
This bit should be set by the user to achieve normal operation. If this bit is modified on 
the fly, it will take effect at the beginning of the next frame (Ethernet, HDLC, and 
transparent) or at the beginning of the next BD othenwise. MOT must be set if the data 
buffer is located in external memory and has a 1 6-bit wide port size. 

= DEC (and Intel) convention is used for byte ordering — ^swapped operation, it is 

also called little-endian byte ordering. The bytes stored In each buffer word are 
reversed as compared to the Motorola mode. 

1 = Motorola byte ordering — normal operation. It is also called big-endian byte 

ordering. As data is received from the serial line and put Into the buffer, the most 
significant byte of the buffer word contains data received earlier than the least 
significant byte of the same buffer word. 

FC3-FC0— Function Code 3-0 

These bits contain the function code value used during this SOMA channel's memory 
accesses. It is suggested that the user write bit FC3 with a one, to identify this SOMA 
channel access as a DMA-type access. Example: FC3-FC0 = 1000 (binary). Do not 
write the value 0111 (binary) to these bits. 

Transmit Function Code Register 



— 


MOT 


FC3-FC0 



Bits 7-5 — Reserved 

MOT— Motorola 
This bit should be set by the user to achieve normal operation. If this bit is modified on 
the fly. It will take effect at the beginning of the next frame (Ethernet, HDLC, and 
transparent) or at the beginning of the next BD otherwise. 

= DEC (and Intel) convention is used for byte ordering — ^swapped operation. It is 

also called little-endian byte ordering. The transmission order of bytes within a 
buffer word is reversed as compared to the Motorola mode. 

1 = Motorola byte ordering — normal operation. It is also called big-endian byte 

ordering. As data is transmitted onto the serial line from the data buffer, the most 
significant byte of the buffer word contains data to be transmitted earlier than the 
least significant byte of the same buffer word. 

FC3-FC0— Function Code 3-0 
These bits contain the function code value used during this SDMA channel's memory 
accesses. It is suggested that the user write bit FC3 with a one to identify this SDMA 
channel access as a DMA-type access. Example: FC3-FC0 = 1000 (binary). Do not 
write the value 01 1 1 (binary) to these bits. 
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7.10.7.3 MAXIMUM RECEIVE BUFFER LENGTH REGISTER (MRBLR). Each SCO has 
one MRBLR to define the receive buffer length for that SCC. MRBLR defines the 
maximum number of bytes that the QUICC will write to a receive buffer on that SCC 
before moving to the next buffer. The QUICC may write fewer bytes to the buffer than 
MRBLR If a condition such as an error or end-of-frame occurs, but It will never write more 
bytes than the MRBLR value. It follows, then, that buffers supplied by the user for use by 
the QUICC should always be of size MRBLR (or greater) in length. 

The transmit buffers for an SCC are not affected in any way by the value programmed Into 
MRBLR. Transmit buffers may be individually chosen to have varying lengths, as needed. 
The number of bytes to be transmitted is chosen by programming the data length field in 
theTxBD. 

NOTE 

MRBLR is not intended to be changed dynamically while an 
SCC is operating. However, If it is modified in a single bus 
cycle with one 16-bit move (NOT two 8-blt bus cycles back-to- 
back), then a dynamic change in receive buffer length can be 
successfully achieved. This takes place when the CP moves 
control to the next Rx BD in the table. Thus, a change to 
MRBLR will not have an immediate effect. To guarantee the 
exact Rx BD on which the change will occur, the user should 
change MRBLR only while the SCC receiver is disabled. 

The MRBLR value should be greater than zero for all modes. 

For Ethernet and HDLC the MRBLR should be evenly divisible 
by 4. In totally transparent mode, MRBLR should also be 
divisible by 4, unless the receive FIFO width (RFW) bit in 
GSMR is set to 8 bits. 

7.10.7.4 RECEIVER BD POINTER (RBPTR). The RBPTR for each SCC channel points to 
the next BD that the receiver will transfer data to when it is in idle state or to the current 
BD during frame processing. After a reset or when the end of the BD table is reached, the 
CP initializes this pointer to the value programmed in the RBASE entry. Although RBPTR 
need never be written by the user in most applications, it may be modified by the user 
when the receiver Is disabled or when the user Is sure that no receive buffer Is currently In 
use. 

7.10.7.5 TRANSMITTER BD POINTER (TBPTR). The TBPTR for each SCC channel 
points to the next BD that the transmitter will transfer data from when it Is in idle state or to 
the current BD during frame transmission. After a reset or when the end of the BD table Is 
reached, the CP initializes this pointer to the value programmed in the TBASE entry. 
Although TBPTR need never be written by the user in most applications, it may be 
modified by the user when the transmitter is disabled or when the user is sure that no 
transmit buffer Is currently in use (e.g., after STOP TRANSMIT command Is issued, or 
after a GRACEFUL STOP TRANSMIT command is issued, and the frame completes Its 
transmission.) 
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7.10.7.6 OTHER GENERAL PARAMETERS. Additional parameters are listed in Table 
7-5. These parameters do not need to be accessed by the user in normal operation, and 
are listed only because they may provide helpful information for experienced users and for 
debugging. 

The Rx and Tx internal data pointers are updated by the SOMA channels to show the next 
address in the buffer to be accessed. 

The Tx internal byte count is a down-count value that is initialized with the Tx BD data 
length and decremented with every byte read by the SOMA channels. The Rx Intemal byte 
count is a down-count value that Is initialized with the MRBLR value and decremented 
with every byte written by the SOMA channels. 

NOTE 

To extract data from a partially full receive buffer, the CLOSE 
Rx BD command may be used. 

The Rx internal state, Tx internal state, Rx temp, Tx temp, and reserved areas are for 
RISC use only. 

7.10.8 Interrupts from the SCCs 

Interrupt handling for each of the SCC channels Is configured on a global (per channel) 
basis in the CPM interrupt pending register, CPM interrupt mask register, and CPM In 
service register. Within each of these registers, one bit is used to either mask, enable, or 
report the presence of an interrupt in an SCC channel. The interrupt priority between the 
four SCCs is programmable in the CP interrupt configuration register. An SCC interrupt 
may be caused by a number of events. To allow interrupt handling for these (SCC- 
specific) events, further event registers are provided within the SCCs. 

A number of events can cause the SCC to interrupt the processor. The events differ 
slightly according to the protocol selected. For a detailed description of the events see the 
specific protocol paragraphs. These events are handled independently for each channel 
by the SCC event register and the SCC mask register. 




Events that can cause interrupts due to the CTS and CD modem lines are described in 
7.14.9 Port Pin Functions. 

7.10.8.1 SCC EVENT REGISTER (SCCE). The 16-bit SCC event register is used to report 
events recognized by any of the SCCs. On recognition of an event, the SCC will set its 
corresponding bit in the SCC event register (regardless of the corresponding mask bit). 
The SCC event register appears to the user as a memory-mapped register and may be 
read at any time. A bit is cleared by writing a one (writing a zero does not affect a bit's 
value). More than one bit may be cleared at a time. This register is cleared at reset. 

7.10.8.2 SCC MASK REGISTER (SCCM). The 16-bit, read-write SCC mask register 
allows the user to either enable or disable interrupt generation by the CP for specific 
events In each SCC channel. Note that an interrupt will only be generated if the SCC 
interrupts in this channel are enabled in the CPM interrupt mask register. 
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If a bit in tlie SCO masl< register is zero, ttie CP will not proceed with its usual interrupt 
handling whenever that event occurs. Anytime a bit In the SCC mask register is set, a one 
In the corresponding bit in the SCC event register will set the SCC event bit in the CPM 
interrupt pending register. 

The bit position of the SCC mask register is identical to that of the SCC event register. 

7.10.8.3 SCC STATUS REGISTER (SCCS). The 8-bit, read-write SCC status register 
allows the user to monitor real-time status conditions on the RXD line, such as flags, idle, 
and data carrier sense. It does not show the real-time status of the CTS and CD pins. 
Their real-time status is available in the port C parallel I/O. 

7.1 0.9 SCC Initialization 

The SCCs require a number of registers and parameters to be configured after a power- 
on reset. The following outline is the proper sequence for initializing the SCCs, regardless 
of the protocol used. More detailed examples are given in the protocol sections. 

1 . Write the parallel I/O ports to configure the I/O pins to connect to the SCCs. 

2. Write the port C registers to configure the CTS and CD pins to be parallel I/O with 
interrupt capability or to be direct connections to the SCC (if modem support is 
needed). 

3. If the TSA is used, the SI must be configured. See 7.8 Serial Interface with Time 
Slot Assigner for a description of the steps required. If the SCC is used in 

the NMSI mode, then the SICR must still be initialized. 

4. Write GSMR, but do not write the ENT or ENR bits yet. 

5. Write the PSMR. 

6. Write DSR. 

7. Initialize the required values for this SCC in its parameter RAM. 

8. Clear out any current events in the SCCE, If desired. 

9. Write SCCM to enable the interrupts in the SCCE. 

10. Write CICR to configure the SCCs interrupt priority. 

1 1 . Clear out any current interrupts in CIPR, if desired. 

12. Write CIMR to enable interrupts to the CP interrupt controller. 

13. Set the ENT and ENR bits in the GSMR. 

The BDs may have their ready/empty bits set at any time. Notice that the CR does not 
need to be accessed following a power-on reset. An SCC should be disabled and 
reenabled after any dynamic change in its parallel I/O ports or serial channel physical 
interface configuration. A full reset using the RST bit in the CR is a comprehensive reset 
that may also be used. 
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7.10.10 sec Interrupt Handling 

The following describes what would normally take place within an interrupt handler for the 

sec. 

1 . Once an interrupt occurs, the SCCE should be read by the user to see which 
sources have caused interrupts. The SCCE bits that are going to be "handled" in this 
interrupt handler would normally be cleared at this time. 

2. Process the Tx BDs to reuse them if the TX bit or TXE bit was set in SCCE. If the 
transmit speed is fast or the interrupt delay is long, more than one transmit buffer 
may have been sent by the SCC. Thus, it is important to check more than just one 
Tx BD during the interrupt handler. One common practice is to process all Tx BDs in 
the interrupt handler until one is found with its R-bit set. 

3. Extract data from the Rx BD if the RX, RXB, or RXF bit was set in SCCE. If the 
receive speed is fast or the interrupt delay is long, more than one receive buffer may 
have been received by the SCC. Thus, it is important to check more than just one Rx 
BD during the interrupt handler. One common practice is to process all Rx BDs in 
the interrupt handler until one is found with its E-bit set. 

4. Clear the SCCx bit in the CISR. 

5. Execute the RTE instruction. 

7.10.11 SCC Timing Control 

When the DIAG bits of the GSIVIR are programmed to normal operation, the CD and CTS 
lines are controlled automatically by the SCC. The following paragraphs describe the 
behavior in this mode. In the following description, the TCI bit in the GSMR is assumed to 
be cleared, implying normal transmit clock operation. 




7.10.11.1 SYNCHRONOUS PROTOCOLS. The RTS pin is asserted when the SCC data 
is loaded into the transmit FIFO and a falling transmit clock occurs. At this point, the SCC 
begins transmitting the data, once the appropriate conditions occur on the CTS pin. In all 
cases, the first bit of data is the first bit of the opening flag, sync pattern, or the preamble 
(if a preamble was programmed to be sent prior to the frame). 



Figure 7-39 shows that the delay between RTS and data can be either or 1 bit time, 
depending on the CTSS bit in the GS MR. T his operation assumes that the CTS pin is 
already asserted t o the SCC or that the CTS pin is reprogramm ed to be a parallel I/O line, 
in which case the CTS signal to the SCC is always asserted. RTS is negated one clock 
after the last bit in the frame. 
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Figure 7-39. Output Delays from RTS Asserted for Synchronous Protocols 



If the CTS pin Is not already asse rted w hen the RTS pin Is asserted, then the delays to the 
first bit of data depend on when CTS Is asserted. Figure 7-40 shows the delay between 
CTS and the data can be approximately 0.5 to 1 bit time or bit times, depending on the 
CTSS bit In the GSMR. 
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Figure 7-40. Output Delays from CTS Asserted for Synchronous Protocols 



If the CTS pin is programmed to envelope the data, the CTS pin must remain asserted 
dur ing fr ame transmis sion, or a CTS lost error occurs (see Figure 7-41). The negation of 
the CTS pin forces the RTS p in hig h, forcing the transmit data to the idle state. If the CTSS 
bit in the GSIVIR is zero, the CTS pin must be sampled by the SCC before a CTS lost Is 
recognized. Othenwise, the negation of CTS immediately causes the CTS lost condition. 
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NOTE: CTSS = 1 in GSMR. CTSP = or no CTS lost can occur. CTS LOST SIGNALED IN FRAME BD 

Figure 7-41 . CTS Lost in Synclironous Protocols 
NOTE 



If the CTSS bit in GSIVIR is set, all CTS transitions must occur 
while the transmit Clock Is low. 

Reception delays are determined by the CD pin as shown in Figure 7-42. If the CDS bit in 
GSMR is zero, then the CD pin is sampled on the rising receive clock edge prior to data 
being received. If the CDS bit In GSMR is one, then the CD pin transitions cause data to 
be immediately gated into the receiver. 
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2. If CD is negated prior to the last bit of the receive frame, CD LOST is signaled in the frame BD. 

3. If CDP = 1 , CD LOST cannot occur, and CD negation has no effect on reception. 
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NOTES: 

1. CDS = 1 in GSMR; CDP = 0. 

2. If CD is negated prior to the last bit of the receive frame, CD lost is signaled in the frame BD. 

3. If CDP s 1 , CD lost cannot occur, and CD negation has no effect on reception. 

Figure 7-42. Using Ud to Controi Reception of Synchironous Protocois 

If the CD pin is programmed to envelope the data, the CD pin must remain asserted during 
frame transmission, or a CD lost error occurs. The negation of the CD pin terminates 
reception. If the CDS bit in the GSMR is zero, the CD pin must be sampled by the SCC 
before a CD lost is recognized. Otherwise, the negation of CD immediately causes the CD 
lost condition. 

NOTE 

If the CDS bit in GSMR is set, all CD transitions must occur 
while the receive clock is low. 



7.10.11.2 ASYNCHRONOUS PROTOCOLS. The RTS pin is asserted when the SCC data 
is loaded into the transmit FIFO and a falling transmit clock occurs. The CD and CTS pins 
may be used to controi reception and transmission in the same manner as the 
synchronous protocols. The first bit of data transmission in an asynchronous proto col is 
the start bit of the first character. In addition, the UART protocol has an option for CTS 
flow control as described in 7.10.16 UART Controller. 
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If CTS is alread y asserted when RTS is asserte d, tran smission begins in two additional bit 
times. If CTS is not already asserted when R TS is asserted and CTSS = 0, then 
transmission begins in three additional bit times. If CTS is not already asserted when RTS 
is asserted and CTSS = 1 , then transmission begins in two additional bit times. 

7.10.12 Digital Phase-Locked Loop (DPLL) 

DPLL data encoding and DPLL operations are discussed in the following paragraphs. 

7.10.12.1 DATA ENCODING. Each SCC contains a DPLL unit that may be programmed 
to encode and decode the SCC data as NRZ, NRZI Mark, NRZI Space, FMO, FM1, 
Manchester, and Differential Manchester. Examples of the different encoding methods are 
shown in Figure 7-43. 
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^u ! 
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Figure 7-43. DPLL Encoding Examples 

If It is not desired to use the DPLL, the NRZ coding may be chosen by the user in the 
GSMR. The definition of the encodings are as follows: 

NRZ A 1 is represented by a high level for the duration of the bit. 
A is represented by a low level for the duration of the bit. 

NRZI Mark A 1 is represented by no transition at all. 

A is represented by a transition at the beginning of the bit 
(i.e., the level present in the preceding bit is reversed). 

NRZI Space A 1 is represented by a transition at the beginning of the bit 
(i.e., the level present in the preceding bit is reversed). 
A is represented by no transition at all. 
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A 1 is represented by a transition at tlie beginning of the bit 

only. 

A is represented by a transition at tlie beginning of the bit 

and another transition at the center of the bit. 



A 1 is represented by a transition at the beginning of the bit 

and another transition at the center of the bit. 

A is represented by a transition at the beginning of the bit 

only. 

Manchester A 1 is represented by a high to low transition at the center of 
the bit. 

A is represented by a low to high transition at the center of 
the bit. In both cases there may be a transition at the beginning 
of the bit to set up the level required to make the correct center 
transition. 

Differential Manchester A 1 is represented by a transition at the center of the bit with 

the opposite direction from the transition at the center of the 
preceding bit. 

A is represented by a transition at the center of the bit with 
the same polarity from the transition at the center of the 
preceding bit. 

7.10.12.2 DPLL OPERATION. Each SCC channel includes a DPLL used to recover clock 
information from a received data stream. For applications that provide a direct clock 
source to the SCC, the DPLL may be bypassed as programmed in the GSMR. 

The DPLL must not be used when an SCC Is programmed to Ethernet. It Is optional for 
other protocols. 

The DPLL receive block diagram Is shown In Figure 7-44; the transmit block diagram Is 
shown In Figure 7-45. 
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Figure 7-44. DPLL Receive Blocl( Diagram 
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Figure 7-45. DPLL Transmit Biocic Diagram 

The DPLL is driven by either an external clock or one of the baud rate generator outputs. 
This clock should be approximately 8x, 16x, or 32x times the data rate, depending on the 
encoding/decoding desired. The DPLL uses this clock, along with the data stream, to 
construct a data clock that may be used as the SCC receive and/or transmit clock. In all 
modes, the DPLL uses the input clock to determine the nominal bit time. 
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At the beginning of operation, the DPLL is in search mode. In this mode, the first transition 
resets the internal DPLL counter and begins DPLL operation. While the counter is 
counting, the DPLL watches the incoming data stream for transitions. Whenever a 
transition is detected, the DPLL makes a count adjustment to produce an output clock that 
tracks the incoming bits. 

The DPLL provides a carrier-sense signal. The carrier-sense signal indicates that there 
are data transfers on the RXD line. It is asserted as soon as a transition is detected on the 
RXD line, and it is negated after a programmable number of clocks have been detected 
with no transitions, using the TSNC bits in the GSMR. 

To prevent the DPLL from locking on the wrong edges and to provide a fast 
synchronization, the DPLL should generally receive a preamble pattern prior to the data. 
In some protocols, the preceding flags or syncs are used. However, some protocols 
require a special pattern, such as alternating ones and zeros. For the case of 
transmission, the SCC has an option to generate preamble patterns as programmed in the 
TPP and TPL bits of the GSMR. 

The DPLL can also be used to invert the data stream on receive or transmit. This feature 
is available in all encodings, including the standard NRZ data format. 

The DPLL offers a choice on the transmitter during idle of whether to force the TXD line to 
a high voltage or to continue encoding the data supplied to it. 

The DPLL is used for the UART encoding/decoding. This gives the user the option of 
selecting the divide ratio used in the UART decoding process (8, 16, or 32). Typically, the 
16x option is chosen by users. 

The maximum data rate that can be supported with the DPLL is 3.125 MHz when working 
with a 25-MHz system clock, which assumes the 8x option is chosen: 25 MHz/8 = 3.125 
MHz. Thus, the frequency applied to the CLKx pin or generated by an internal baud rate 
generator may be up to 25 MHz on a 25-MHz QUICC, if the DPLL 8x, 16x, or 32x options 
are used. 

NOTE 

The 1 :2 ratio of the SyncCLK to the serial clock does not apply 
when the DPLL is used to recover the clock in the 8x, 16x, or 
32x modes. The synchronization actually occurs internally after 
the receive clock Is generated by the DPLL; therefore, even the 
fastest DPLL clock generation (the 8x option) easily meets the 
required 1 :2 ratio clocking limit. 
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7.10.13 Clock Glitch Detection 

A clock glitch occurs when an input clocl< signal transitions between a one and zero state 
twice, within a small enough time period to violate the minimum high/low time specification 
of the input clock. Spikes are one type of glitch. Additionally, glitches can occur when 
excessive noise Is present on a slowly rising/falling signal. 

Glitched clocks are a worry to many communications systems. Not only can they cause 
systems to experience errors, they can potentially cause errors to occur without even 
being detected by the system. Systems that supply an external clock to a serial channel 
are often susceptible to glitches from situations such as noise, connecting/disconnecting 
the physical cable from the application board, or excessive ringing on the clock lines. 

The SCCs on the QUICC have a special circuit designed to detect glitches that may occur 
in the system. The glitch circuit Is designed to detect glitches that could cause the SCC to 
transition to the wrong state. This status information can be used to alert the system of a 
problem at the physical layer. 

The glitch detect circuit Is not a specification test. Thus, if the user develops a circuit that 
does not meet the input clocking specifications for the SCCs, erroneous data may be 
received/transmitted that Is not indicated by the glitch detection logic. Conversely, if a 
glitch indication is signaled, it does not guarantee that erroneous data was 
received/transmitted. 

Regardless of whether the DPLL Is used, the received clock Is passed through a noise 
filter that eliminates any noise spikes that affect a single sample. This sampling is enabled 
with the GDE bit of the GSMR. 

If a spike is detected, a maskable receive or transmit glitched clock interrupt is generated 
in the event register of the SCC channel. Although the user may choose to reset the SCC 
receiver or transmitter or to continue operation, he should keep statistics on clock glitches 
for later evaluation. In addition, the glitched status Indication may be used as a debugging 
aid during the early phases of prototype testing. 

7.10.14 Disabling the SCCs on the Fly 

If an SCC is not needed for a period of time, it may be disabled and reenabled later. In this 
case, a sequence of operations is followed. 

These sequences ensure that any buffers in use will be properly closed and that new data 
will be transferred to/from a new buffer. Such a sequence Is required if the parameters 
that must be changed are not allowed to be changed dynamically. If the register or bit 
description states that dynamic changes are allowed, tlie following sequences are not 
required, and the register or bit may be changed immediately. In all other cases, the 
sequence should be used. For instance, the internal baud rate generators allow on-the-fly 
changes, but the DPLL-related bits in the GSIVIR do not. 
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NOTE 

The modification of parameter RAM does not require a full 
disabling of the SCC. See the parameter RAM description for 
details on when parameter RAM values may be modified. 

If the user desires to disable all SCCs, SMCs, and the SPI, 
then the CR may be used to reset the entire CP with a single 
command. 

7.10.14.1 SCC TRANSMITTER FULL SEQUENCE. For the SCC transmitter, the full 
disable and enable sequence is as follows: 

1 . STOP TRANSMIT command. This command is recommended If the SCC is 
currently in the process of transmitting data since it stops transmission In an orderly 
way. If the SCC is not transmitting (e.g., no Tx BDs are ready or the GRACEFUL 
STOP TRANSMIT command has been issued and has completed), then the STOP 
TRANSMIT command is not required. Furthermore, if the TBPTR will be ovenwritten 
by the user or the INIT TX PARAMETERS command will be executed, this 
command is not required. 

2. Clear the ENT bit in the GSMR, which disables the SCC transmitter and puts It in a 
reset state. 

3. Make modifications. The user may make modifications to the SCC transmit 
parameters Including the parameter RAM. If the user desires to switch protocols or 
restore the SCC transmit parameters to their initial state, the INIT TX 
PARAMETERS command may now be issued. 

4. RESTART TRANSMIT command. This command is required if the INIT TX 
PARAMETERS command was not issued in step 3. 

5. Set the ENT bit in the GSMR. Transmission will now begin using the Tx BD pointed 
to by the TBPTR as soon as the Tx BD R-bit is set. 

7.10.14.2 SCC TRANSMITTER SHORTCUT SEQUENCE. A shorter sequence is possible 
if the user desires to reinitialize the transmit parameters to the state they had after reset. 
This sequence is as follows: 

1 . Clear the ENT bit in the GSMR. 

2. INIT TX PARAMETERS command. Any additional modifications may now be made. 

3. Set the ENT bit in the GSMR. 

7.10.14.3 SCC RECEIVER FULL SEQUENCE. The full disable and enable sequence for 
the receiver is as follows: 

1 . Clear the ENR bit in the GSMR. Reception will be aborted immediately. This 
disables the receiver of the SCC and puts it in a reset state. 

2. Make modifications. The user may make modifications to the SCC receive 
parameters including the parameter RAM. If the user desires to switch protocols or 
restore the SCC receive parameters to their initial state, the INIT RX PARAMETERS 
command may now be issued. 

3. ENTER HUNT MODE command. This command is required if the INIT RX 
PARAMETERS command was not issued in step 2. 

4. Set the ENR bit in the GSMR. Reception will now begin immediately using the Rx 
BD pointed to by the RBPTR if the Rx BD E-bit is set. 
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7.10.14.4 sec RECEIVER SHORTCUT SEQUENCE. A shorter sequence is possible if 
tlie user desires to reinitialize the receive parameters to the state they had after reset. 
This sequence is as follows: 

1. Clear the ENR bit in the GSIVIR. 

2. INIT RX PARAiVIETERS command. Any additional modifications may now be made. 

3. Set the ENR bit in the GSMR. 

7.10.14.5 SWITCHING PROTOCOLS. Sometimes the user desires to switch the protocol 
that the SCO is executing (e.g., UART to HDLC) without resetting the board or affecting 
any other SCO. This can be accomplished using only one command and a short number 
of steps: 

1. Clear the ENT and ENR bits In the GSIVIR. 

2. INIT TX AND RX PARAMETERS command. This one command Initializes both 
transmit and receive parameters. Any additional modifications may now be made in 
the GSMR to change the protocol, etc. 

3. Set the ENT and ENR bits in the GSMR. The SCC Is enabled with the new protocol. 

7.10.15 Saving Power 

When the ENT and ENR bits of an SCC are cleared, that SCC consumes a minimal 
amount of power. 

7.10.16 UART Controller 

Many applications need a simple method of communicating low-speed data between 
equipment. The universal asynchronous receiver transmitter (UART) protocol is the de- 
facto standard for such communications. The term asynchronous is used because it Is not 
necessary to send ciocl<ing information with the data that is sent. UART linl<s are typically 
38400 baud or less in speed and are character oriented (i.e., the smallest unit of data that 
can be correctly received or transmitted is a character). Typical applications of 
asynchronous links are connections between terminals and computer equipment. Even in 
applications where synchronous communications are required, the UART is often used for 
a local debugging port to run board debugger software. The character format of the UART 
protocol Is shown in Figure 7-46. 
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Figure 7-46. UART Character Format 



Since the transmitter and receiver worl< asynchronously, there is no need to connect 
transmit and receive cIocl<s. Instead, the receiver oversamples the incoming data stream 
(usually by a factor of 16) and uses some of these samples to determine the bit value. 
Traditionally the middle three samples of the sixteen samples are used. Two UARTs can 
communicate using a system lil<e this if parameters, such as the parity scheme and 
character length, are the same for both transmitter and receiver. 

When data is not transmitted in the UART protocol, a continuous stream of ones is 
transmitted, called the idle condition. Since the start bit is always a zero, the receiver can 
detect when real data is once again present on the line. UART also specifies an all-zeros 
character called a break, which is used to abort a character transfer sequence. 

Many different protocols have been defined using asynchronous characters, but the most 
popular of these is the RS-232 standard. RS-232 specifies standard baud rates, 
handshal<ing protocols, and mechanical/electrical details. Another popular standard using 
the same character format is RS-485, which defines a balanced line system allowing 
longer cables than RS-232 links. Synchronous protocols like HDLC are sometimes 
defined to run over asynchronous links. Other protocols like PROFIBUS extend the UART 
protocol to include LAN-oriented features such as token passing. 

All the standards provide handshaking signals, but some systems require just three 
physical lines: transmit data, receive data, and ground. 

Many proprietary standards have been built around the asynchronous character frame, 
and some even implement a multidrop configuration. In multidrop systems, more than two 
stations may be present on a network, with each having a specific address. Frames made 
up of many characters may be broadcast, with the first character acting as a destination 
address. To allow this, the UART frame is extended by one bit to distinguish between an 
address character and the normal data characters. 

Additionally, a synchronous form of the UART protocol exists where start and stop bits are 
still present, but a clock is provided with each bit, so the oversampling technique is not 
required. This mode is called "isochronous" operation or, more often, synciironous UART. 
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By appropriately setting the GSIVIR, any of tlie SCC ciianneis may be configured to 
function as a UART. 

The UART provides standard serial I/O using asynchronous character-oriented (start-stop) 
protocors with RS-232C-type lines. The UART may be used to communicate with any 
existing RS-232-type device. 

The UART provides a port for serial communication to other microprocessors, terminals, 
etc., either locally or via modems. It includes facilities for communication using standard 
asynchronous bit rates and protocols. The UART supports a multidrop mode for 
master/slave operation with wake-up capability on both idle line and address bit. The 
UART also supports a synchronous mode of operation where a clock must be provided 
with each bit received. 

The UART transmits data from memory (either Internal or external) to the TXD line and 
receives data from the RXD line into memory. In a synchronous UART mode, the clock 
must also be supplied. It may be generated internally or externally. Modem lines are 
supported via the port C pins. 

The UART consists of separate transmit and receive sections whose operations are 
asynchronous with the CPU32+ core. 

7.10.16.1 UART KEY FEATURES. The UART contains the following key features: 

• Flexible Message-Oriented Data Structure 

• Implements Synchronous and Asynchronous UART 

• Multidrop Operation 

• Receiver Wake-Up on Idle Line or Address Mode 

• Eight Control Character Comparison 

• Two Address Comparison 

• Maintenance of Four 1 6-Bit Error Counters 

• Received Break Character Length Indication 

• Programmable Data Length (5-8 Bits) 

• Programmable 1 to 2 Stop Bits in Transmission 

• Capable of Reception without a Stop Bit 

• Programmable Fractional Stop Bit Length 

• Even/Odd/Force/No Parity Generation 

• Even/Odd/Force/No Parity Check 

• Frame Error, Noise Error, Break, and idle Detection 

• Transmit Preamble and Break Sequences 

• Freeze Transmission Option with Low-Latency Stop 
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7.10.16.2 NORMAL ASYNCHRONOUS MODE. In a normal asynchronous mode, the 
receive shift register receives the incoming data on the RXDx pin. The length and fomnat 
of the UART character Is defined by the control bits in the UART mode register. The order 
of reception is: 

1. Start Bit 

2. 5-8 Data Bits (LSB first) 

3. Address/Data Bit (optional) 

4. Parity Bit (optional) 

5. Stop Bits 

The receiver uses a clock 8, 16, or 32 times faster than the baud rate and samples each 
bit of the incoming data three times around its center. The value of the bit is detemnined by 
the majority of those samples. If the samples do not all agree, a noise indication counter is 
incremented. When a complete byte has been clocked in, the contents of the shift register 
are transferred to the UART receive data register. If there Is an error in this character, then 
the appropriate error bits will be set by the CP. 

The UART may receive fractional stop bits. The next character's start bit may begin 
anytime after the three middle samples have been taken. 

The UART transmit shift register transmits the outgoing data on the TXDx pin. Data is 
clocked synchronously with the transmit clock, which may have either an internal or 
external source. The order of bit transmission is LSB first. 

Only the data portion of the UART frame is actually stored in the data buffers. The start 
and stop bits are always generated and stripped by the UART controller. The parity bit 
may also be generated in transmission and checked during reception. Although parity is 
not stored in the data buffer, its value may be inferred from the reporting mechanism In the 
data buffer (i.e., character with parity errors are identified). Similarly, the optional address 
bit is not stored in the transmit or receive data buffer, but is implied from the buffer 
descriptor itself. Parity is generated and checked for the address bit, when present. 

The RFW bit in the GSMR must be set for an 8-bit receive FIFO for the UART receiver. 

7.10.16.3 SYNCHRONOUS MODE. In synchronous mode, the UART controller uses the 
1 X data clock for timing. The receive shift register receives the incoming data on the RXD 
pin synchronously to the clock. The length and format of the serial word in bits are defined 
by the control bits in the UART mode register in the same manner as for asynchronous 
mode. When a complete byte has been clocked in, the contents of the shift register are 
transferred to the UART receive data register. If there is an error in this character, then the 
appropriate error bits will be set by the CP. 

The UART transmit shift register transmits the outgoing data on the TXD pin. Data is 
clocked synchronously with the transmit clock, which may have either an internal or 
external source. 

The RFW bit in the GSMR must be set for an 8-bit receive FIFO for the UART receiver. 
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7.10.16.4 UART MEMORY MAP. When configured to operate in UART mode, the QUICC 
overiays the structure listed in Table 7-5 with the UART-specific parameters described in 
Table 7-6. 

Table 7-6. UART-Specific Parameters 




Address 


Name 


Width 


Description 


sec Base + 30 


RES 


Long 


Resen/ed 


sec Base + 34 


RES 


Long 


Reserved 


sec Base -i- 38 


MAXJDL 


Word 


Maximum Idle Characters 


see Base + 3A 


IDLC 


Word 


Temporary Idle Counter 


see Base + SC 


BRKCR 


Word 


Break Count Register (Transmit) 


sec Base •«-3E 


PAREC 


Word 


Receive Parity Error Counter 


sec Base + 40 


FRMEC 


Word 


Receive Framing Error Counter 


sec Base + 42 


NOSEC 


Word 


Receive Noise Counter 


see Base + 44 


BRKEC 


Word 


Receive Break Condition Counter 


sec Base -t- 46 


BRKLN 


Word 


Last Received Break Length 


sec Base + 48 


UADDR1 


Word 


UART Address Character 1 


see Base + 4A 


UADDR2 


Word 


UART Address Character 2 


sec Base + 4e 


RTEMP 


Word 


Temp Storage 


see Base + 4E 


TOSEQ 


Word 


Transmit Out-of-Sequence Character 


see Base + 50 


CHARACTER1 


Word 


CONTROL Character 1 


see Base + 52 


CHARACTER2 


Word 


CONTROL Character 2 


sec Base + 54 


CHARACTERS 


Word 


CONTROL Character 3 


sec Base -i- 56 


CHARACTER4 


Word 


CONTROL Character 4 


see Base + 58 


CHARACTERS 


Word 


CONTROL Character 5 


see Base + 5A 


CHARACTERS 


Word 


CONTROL Character 6 


see Base + 5e 


CHARACTER? 


Word 


CONTROL Character 7 


see Base + 5E 


CHARACTERS 


Word 


CONTROL Character 8 


see Base + 60 


RCCM 


Word 


Receive Control Character Mask 


sec Base + 62 


RCCR 


Word 


Receive Control Character Register 


sec Base +64 


RLBC 


Word 


Receive Last Break Character 



NOTE: The boldface items should be initialized by the user. 

MAXJDL. Once a character is received on the line, the UART controller begins counting 
any idle characters received. If a l\/IAX_IDL number of Idle characters is received before 
the next data character is received, an idle timeout occurs, and the buffer is closed. This in 
turn can produce an interrupt request to the CPU32+ core to receive the data from the 
buffer. Thus, MAX_IDL provides a convenient way to demarcate frames in the UART 
mode. To disable the MAX_IDL feature, simply program it to $0000. A character of idle is 
calculated as the following number of bit times: 1 + data length (5, 6, 7, 8, or 9) + 1 (if 
parity bit is used) + number of stop bits (1 or 2). Example: for 6 data bits, no parity, and 1 
stop bit, the character length is 1 bits. 
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IDLC. This value is used by the RISC to store the current idle counter value in the 
MAX_IDL timeout process. IDLC is a down-counter; it does not need to be Initialized or 
accessed by the user. 

BRKCR. The UART controller will send an a break character sequence whenever a STOP 
TRANSMIT command is given. The number of break characters sent by the UART 
controller is determined by the value in BRKCR. In the case of 8 data bits, no parity, 1 
stop bit, and 1 start bit, each break character is 1 bits in length and consists of all zeros. 

PAREC, FRMEC, NOSEC, and BRKEC. These 16-bit (modulo-2i6) counters are 
initialized by the user. When the associated condition occurs, they will be incremented by 
the RISC controller. PAREC counts received parity errors. FRMEC counts received 
characters with framing errors. NOSEC counts received characters with noise errors (one 
of the three samples was different). BRKEC counts the number of break conditions that 
occurred on the line. Note that one break condition may last for hundreds of bit times, yet 
this counter is incremented only once during that period. 

BRKLN. This value is used to store the length of the last break character received. This 
value is the length in characters of the break. Example: If the receive pin is low for 20 bit 
times, BRKLN will show the value $001 0. BRKLN is accurate to within one character unit 
of bits. For example, for 8 data bits, no parity, 1 stop bit, and 1 start bit, BRKLN is 
accurate to within 1 bits. 

UADDR1, UADDR2. In the multidrop mode, the UART controller can provide automatic 
address recognition of two addresses. In this case, the lower order bytes of UADDR1 and 
UADDR2 are programmed by the user with the two desired addresses. 

TOSEQ. This value is used to transmit out-of-sequence characters in the transmit stream 
such as the XOFF and XON characters. Using this field, the desired characters can be 
inserted into the transmit FIFO without affecting any transmit buffer that might currently be 
in progress. 

CHARACTER1-8. These characters define the receive control characters on which 
interrupts may be generated. 

RCCM. This value is used to mask the comparison of CHARACTER1-8 so that classes of 
control characters may be defined. A one enables the bit comparison, a zero masks it. 

RCCR. This value is used to hold the value of any control character that is NOT to be 
written to the data buffer. 

RLBC. This entry is used in synchronous UART, when the RZS bit is set in the PSMR. 
This entry contains the actual pattern of the last break character. By counting the zeros in 
this entry, the CPU32+ core can measure the break length to a bit resolution. The user 
reads RLBC by counting the number of zeros written, starting at bit 15 down to the point 
where the first one is written. Therefore, RLBC = OOlxxxxxxxxxxxxx (binary) indicates two 
zeros, and RLBC = Ixxxxxxxxxxxxxxx (binary) indicates no zeros. 
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7.10.16.5 UART PROGRAMMING MODEL. An SCO configured as a UART uses the 
same data structure as in tlie otiier modes. The UART data structure supports multibuffer 
operation. The UART may be programmed to perform address comparison whereby 
messages not destined for a given programmable address are discarded. Also, the user 
can program the UART to accept or reject control characters. If a control character Is 
rejected, an interrupt may be generated. The receive character may be accepted using a 
receive character mask value. The UART enables the user to transmit break and 
preamble sequences. Overrun, parity, noise, and framing errors are reported via the BD 
table and/or error counters. An indication of the status of the line (Idle) Is reported through 
the status register, and a maskable interrupt is generated upon a status change. In its 
simplest fomi, the UART can function In a character-oriented environment. Each character 
Is transmitted with accompanied stop bits and parity (as configured by the user) and 
received into separate 1-byte buffers. Reception of each buffer may generate a maskable 
interrupt. 

Many applications may want to take advantage of the message-oriented capabilities 
supported by the UART by using linked buffers (in either receive or transmit). In this case, 
data is handled in a message-oriented environment; users can work on entire messages 
rather than operating on a character-by-character basis. A message may span several 
linked buffers. For example, before handling the input data, a terminal driver may wish to 
wait until an end-of-line character has been typed by the user rather than being interrupted 
upon the reception of each character. 

As another example, when transmitting ASCII files, the data may be transferred as 
messages ending on the end-of-line character. Each message could be both transmitted 
and received as a linked list of buffers without any intervention from the CPU32+, which 
achieves ease in programming and significant savings in processor overhead. 

On the receive side, the user may define up to eight control characters. Each control 
character may be configured to designate the end of a message or generate a maskable 
interrupt without being stored In the data buffer. The latter option is useful when flow 
control characters such as XON or XOFF need to alert the CPU32+, yet do not belong to 
the message being received. 

7.10.16.6 UART COMMAND SET. The following transmit and receive commands are 
issued to the CR. 

7.10.16.6.1 Transmit Commands. The following paragraphs describe the UART transmit 
commands. 

STOP TRANSMIT Command. After a hardware or software reset and the enabling of the 
channel in the SCO mode register, the channel is in the transmit enable mode and starts 
polling the first BD in the table every 8 transmit clocks (immediately if the TOD bit In the 
TODRisset). 

The STOP TRANSMIT command disables the transmission of characters on the transmit 
channel. If this command is received by the UART controller during message 
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transmission, transmission of that message is aborted. The UART completes transmission 
of all data already transferred to its FIFO and then stops transmitting data. The TBPTR is 
not advanced. 

The UART transmitter will transmit a programmable number of break sequences and then 
start to transmit idles. The number of break sequences (which may be zero) should be 
written to the break count register before this command is given to the UART controller. 

GRACEFUL STOP TRANSMIT Command. The GRACEFUL STOP TRANSMIT command 
is used to stop transmission in an orderly way rather than abruptly, as performed by the 
regular STOP TRANSMIT command. It stops transmission after the current buffer has 
completed transmission, or immediately If there is no buffer being transmitted. The GRA 
bit in the SCCE will be set once transmission has stopped. After transmission ceases, the 
UART transmit parameters, including BDs, may be modified. The TBPTR will point to the 
next Tx BD in the table. Transmission will begin once the R-bit of the next BD is set and 
the RESTART TRANSMIT command is Issued. 

RESTART TRANSMIT Command. The RESTART TRANSMIT command enables the 
transmission of characters on the transmit channel. This command is expected by the 
UART controller after disabling the channel in its SCC mode register, after a STOP | 
TRANSMIT command, after a GRACEFUL STOP TRANSMIT command, or after a 
transmitter error (underrun or CTS lost). The UART controller will resume transmission ' 
from the current TBPTR In the channel's Tx BD table. 

INIT TX PARAMETERS Command. This command Initializes all transmit parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.10.16.6.2 Receive Commands. The following paragraphs describe the UART receive 
commands. 

ENTER HUNT MODE Command. After a hardware or software reset and the enabling of 
the channel in the SCC mode register, the channel is in receive enable mode and will use 
the first BD in the table. 

The ENTER HUNT MODE command is used to force the UART controller to close the 
current Rx BD if it is being used and enter the hunt mode. The UART controller will 
resume reception to the next BD if a message was In progress. 

In the multidrop hunt mode, the UART controller continually scans the input data stream 
for the address character. When not in multidrop mode, the UART controller will wait for 
the idle sequence (one character of idle) without losing any data that was in the receive 
FIFO when this command was executed. 

CLOSE Rx BD Command. The CLOSE Rx BD command is used to force the SCC to 
close the Rx BD, If It is currently being used, and to use the next BD for any subsequent 
data that is received. If the SCC is not in the process of receiving data, no action is taken 
by this command. 
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NOTE 

The CLOSE Rx BD command in UART mode does the same 
job as the ENTER HUNT MODE command except for one 
distinction. The CLOSE Rx BD does not require that a 
character of idle be present on the line for reception to 
continue. 

INIT RX PARAMETERS Command. This command initializes all receive parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 

7.10.16.7 UART ADDRESS RECOGNITION (RECEIVER). In multidrop systems, more 
than two stations may be present on a network, each having a specific address. Figure 
7-47 shows two examples of such a configuration. Frames made up of many characters 
may be broadcast, with the first character acting as a destination address. To achieve this, 
the UART frame is extended by one bit, called the address bit, to distinguish between an 
address character, and the normal data characters. 

The UART can be configured to operate in a multidrop environment in which the following 
two modes are supported: 

Automatic Multidrop Mode — The UART controller automatically checks the Incoming 
address character and accepts the data following it only If the address matches one of two 
preset values. 

Nonautomatic Multidrop Mode— The UART controller receives all characters. An address 
character is always written to a new buffer (it may be followed by data characters). 

Each UART controller has two 16-bit address registers to support address recognition, 
UADDR1 and UADDR2. The upper 8 bits of these registers should be written with zero; 
only the lower 8 bits are used. In the automatic mode, the incoming address is checked 
against UADDR1 and UADDR2. Upon an address match, the M-bit in the BD is set to 
Indicate which address character was matched, and the data following it is written to the 
data buffers. 

NOTE 

For less than 8-bit characters, the MSBs should be zero. 
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Figure 7-47. Two Configurations of UART l\/lultidrop Operation 




7.10.16.8 UART CONTROL CHARACTERS (RECEIVER). The UART has the capability 
to recognize special control characters. These characters may be used when the UART 
functions in a message-oriented environment. Up to 8 control characters may be defined 
by the user in the control characters table. Each character may be either written to the 
receive buffer (upon which the buffer is closed and a new receive buffer tal<en) or rejected. 
If rejected, the character is written to the received control character register (RCCR) in 
internal RAM, and a maskable interrupt is generated. This method is useful for notifying 
the user of the arrival of control characters (e.g., XOFF) that are not part of the received 
messages. 

The UART uses a table of 16-bit entries to support control character recognition. Each 
entry consists of the control character, a valid bit, and a reject character bit. 



OFFSET + 
OFFSET + 2 
OFFSET + 4 



15 



14 



13 



12 



11 



10 



E 


R 














CHARACTER1 


E 


R 














CHARACTER2 


E 


R 














CHARACTERS 



OFFSET + E 


E 


R 














CHARACTERS 


OFFSET + 10 


1 


1 














RCCM 


OFFSET + 12 


















RCCR 



MOTOROLA 



MC68360 USER'S MANUAL 



7-153 




UART 

E— End of Table 

= This entry is valid. Tine lower 8 bits will be checked against the incoming 

character. 

1 = The entry is not valid. This must be the last entry in the control characters table. 
In tables with 8 control characters, E is always zero. 

R — Reject Character 

= The character is not rejected but is written into the receive buffer. The buffer is 

then closed, and a new receive buffer is used if there is more data in the 
message. A maskable (1-bit in the Rx BD) interrupt is generated. 

1 = If this character is recognized, it will not be written to the receive buffer. Instead, 

it is written to the RCCR, and a maskable interrupt is generated. The current 
buffer is not closed when a control character is received with R set. 

CHARACTER1-8— Control Character Values 

These fields define control characters that should be compared to the incoming 
character. For less than 8-bit characters, the MSB should be zero. 

RCOM — Received Control Character Mask 
The value in this register is used to mask the comparison of CHARACTER1-8. The 
lower eight bits of RCCM correspond to the lower eight bits of CHARACTER1-8 and 
are decoded as follows: 

= Mask this bit in the comparison of the incoming character and CHARACTER1-8. 

1 = The address comparison on this bit proceeds normally; no masking occurs. 

Bits 15 and 14 of RCCM must be set, or erratic operation may occur during the control 
character recognition process. 

RCCR— Received Control Character Register 
Upon a control character match for which the reject bit is set, the UART will write the 
control character into the RCCR and generate a maskable interrupt. The CPU32+ core 
must process the interrupt and read the RCCR before a second control character 
arrives. Failure to do so will result in the UART overwriting the first control character. 

7.10.16.9 WAKE-UP TIMER (RECEIVER). By issuing the ENTER HUNT MODE 
command, the user can temporarily disable the UART receiver. It will remain inactive until 
an idle or address character is recognized (depending on the setting of the UM bits). 

If the UART is still in the process of receiving a message that the user has already 
decided to discard, the user may abort its reception by issuing the ENTER HUNT MODE 
command. The UART receiver will be reenabled when the message is finished by 
detecting the idle line (one character of idle) or by the address bit of the next message, 
depending on the UM bits. 

When the receiver is in sleep mode and a break sequence is received, the receiver will 
increment the BRKEC counter and generate the BRK Interrupt if it is enabled. 
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7.10.16.10 BREAK SUPPORT (RECEIVER). The UART offers very flexible break support 
for the receiver. 

Transmission of out-of-sequence characters Is also supported by the UART and Is 
normally used for the transmission of flow control characters such as XON or XOFF. This 
procedure Is performed using the TOSEQ entry In the UART parameter RAM. 

The UART will poll TOSEQ whenever the transmitter Is enabled for UART operation. This 
Includes during UART freeze operation, during UART buffer transmission, and when no 
buffer is ready for transmission. The TOSEQ character Is transmitted at a higher priority 
than the other characters in the transmit buffer (if any), but does not preempt characters 
already In the transmit FIFO. This means that the XON or XOFF character may not be 
transmitted for eight character times (SCC1) or four character times (SCC2, SCC3, and 
SCC4). To reduce this latency, the TFL bit In the GSMR should be set to decrease the 
FIFO size to one character prior to enabling the SCO transmitter. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



— 


— 


REA 


1 


CT 








A 


CHARSEND 



Bits 1 5-14 — Don't Care. May be written with ones or zeros. 

The fact that these bits are don't cares allows full compatibility between TOSEQ on the 
QUICC and CHARACTERS on the MC68302. 

REA— Ready 

This bit Is set by the CPU32+ core when the character is ready for transmission and will 
remain one while the character Is being transmitted. The CP clears this bit after 
transmission. 

I — Interrupt 

If set, the CPU32+ core will be interrupted when this character has been transmitted. 
(The TX bit will be set in the UART event register.) 

CT— Clear-to-Send Lost 




This status bit indicates that the CTS signal was negated during transmission of this 
character. If this oc curs, the CTS bit in the UART event register will also be set. This bit 
operates only If the CTS line Is monitored by the SCC as determined by the DIAG bits. 

NOTE 



If the CTS signal was negated during transmission and the CP 
transmits this character in the middle of buffer transmission, 
the CTS signal could actually have been negated either during 
this character's transmission or during a buffer character's 
transmission. In this case, the CP sets the CT bit both here 
and In the Tx BD status word. 



Bits 10-9 — Should be written with zeros. 
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A— Address 

When working in a multidrop configuration, tlie user sliouid include the address bit in 
tills position. 

CHARSEND 

This value contains the character to be transmitted. Any 5-, 6-, 7-, or 8-bit character 
value may be transmitted in accordance with the UART's configuration. The character 
should comprise the LSBs of CHARSEND. This value may be modified only while the 
REA bit is cleared. 

7.10.16.11 SEND BREAK (TRANSMITTER). A break is an all-zeros character without a 
stop bit(s). A break is sent by issuing the STOP TRANSMIT command. The UART 
completes transmission of any outstanding data, sends a programmable number of break 
characters according to the break count register, and then reverts to idle or sends data if 
the RESTART TRANSMIT command was given before completion. At the completion of 
the break code, the transmitter sends at least one high bit before transmitting any data to 
guarantee recognition of a valid start bit. 

The break characters do not preempt characters already in the transmit FIFO. This means 
that the break character may not be transmitted for 8 character times (SCC1) or 4 
character times (SCC2, SCC3, and SCC4). To reduce this latency, the TFL bit In the 
GSMR should be set to decrease the FIFO size to one character prior to enabling the 
sec transmitter. 

7.10.16.12 SENDING A PREAMBLE (TRANSMITTER). A preamble sequence gives the 
programmer a convenient way of ensuring that the line goes idle before starting a new 
message. The preamble sequence length is constructed of consecutive ones of one 
character length. If the preamble bit in a BD is set, the SCC will send a preamble 
sequence before transmitting that data buffer. Example: for 8 data bits, no parity, 1 stop 
bit, and 1 start bit, a preamble of 10 ones would be sent before the first character in the 
buffer. 

7.10.16.13 FRACTIONAL STOP BITS (TRANSMITTER). The asynchronous UART 
transmitter can be programmed to transmit fractional stop bits. Four bits in the SCC data 
synchronization register (DSR) are used to program the length of the last stop bit 
transmitted. These DSR bits may be modified at any time. If two stop bits are transmitted, 
only the second one is affected. Idle characters are always transmitted as full-length 
characters. 
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In normal UART mode with 16x oversampling, the FSB bits (14-11) in the DSR are 
decoded as follows: 

1111= Last Transmitted Stop Bit 1 6/1 6 (the default value after reset) 

1110= Last Transmitted Stop Bit 1 5/1 6 

1101= Last Transmitted Stop Bit 1 4/1 6 

1 1 00 = Last Transmitted Stop Bit 1 3/1 6 

1011= Last Transmitted Stop Bit 1 2/1 6 

1010= Last Transmitted Stop Bit 11/16 

1001= Last Transmitted Stop Bit 10/16 

1 000 = Last Transmitted Stop Bit 9/1 6 

Oxxx = Invalid. Do not use. 

When the UART is configured for 32x oversampling, the FSB bits (14-11) In the DSR are 
decoded as follows: 

1111= Last Transmitted Stop Bit 32/32 (the default value after reset) 

1110= Last Transmitted Stop Bit 31/32 

1101= Last Transmitted Stop Bit 30/32 

1 1 00 = Last Transmitted Stop Bit 29/32 
101 1 = Last Transmitted Stop Bit 28/32 
1010= Last Transmitted Stop Bit 27/32 
1001= Last Transmitted Stop Bit 26/32 
1000= Last Transmitted Stop Bit 25/32 
01 1 1 = Last Transmitted Stop Bit 24/32 
0110= Last Transmitted Stop Bit 23/32 
0101 = Last Transmitted Stop Bit 22/32 
0100= Last Transmitted Stop Bit 21/32 
001 1 = Last Transmitted Stop Bit 20/32 
0010= Last Transmitted Stop Bit 19/32 
0001 = Last Transmitted Stop Bit 18/32 
0000 = Last Transmitted Stop Bit 17/32 

When the UART Is configured for 8x oversampling, the FSB bits (14-11) In the DSR are 
decoded as follows: 

1111= Last Transmitted Stop Bit 8/8 (the default value after reset) 

1110= Last Transmitted Stop Bit 7/8 

1 101 = Last Transmitted Stop Bit 6/8 
1 100 = Last Transmitted Stop Bit 5/8 
lOxx = Invalid. Do not use. 

Olxx = Invalid. Do not use. 
OOxx = Invalid. Do not use. 

The UART receiver can always receive fractional stop bits. The next character's start bit 
may begin at any time after the three middle samples of the stop bit have been taken. 
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7.10.16.14 UART ERROR-HANDLING PROCEDURE. The UART controller reports 
character reception and transmission error conditions via the channel BDs, the error 
counters, and the UART event register. The modem Interface lines can be monitored by 
the port C pins. 

7.10.16.14.1 Transmission Error. The following paragraph describes a UART 
transmission error. 

CTS Lost During Character Transmission. When this error occurs, the channel stops 
transmission after finishing transmission of the current character from the buffer. The 
channel then sets the CT bit in the Tx BD and generates the TXE Interrupt If It Is not 
masked. The cha nnel will resume transmission after the RESTART TRANSMIT command 
Is Issued and the CTS pin is asserted. 

NOTE 

The UART also offers an asynchronous flow control option 
using CTS that does not generate an error. See the FLC bit in 
the PSMR description. 

7.10.16.14.2 Reception Errors. The following paragraphs describe various types of 
UART reception errors. 

Overrun Error. Data is moved from the receive FIFO to the data buffer when the first byte 
Is received into the FIFO. If a receiver FIFO overrun occurs, the channel writes the 
received character into the internal FIFO over the previous received character (previous 
character Is lost.) The channel writes the received character to the buffer, closes the 
buffer, sets the OV bit In the Rx BD, and generates the RX Interrupt If It Is enabled. In 
automatic multidrop mode, the receiver enters hunt mode Immediately. 

CD Lost During Character Reception. If this error occurs and the channel Is using this pin 
to automatically control reception, the channel terminates character reception, closes the 
buffer, sets the CD bit in the Rx BD, and generates the RX interrupt (if enabled). This error 
has the highest priority. The last character In the buffer is lost, and other errors are not 
checked. In automatic multidrop mode, the receiver enters hunt mode immediately. 

Parity Error. When a parity error occurs, the channel writes the received character to the 
buffer, closes the buffer, sets the PR bit in the Rx BD, and generates the RX interrupt (if 
enabled). The channel also Increments the PAREC counter. In automatic multidrop mode, 
the receiver enters hunt mode Immediately. 

Noise Error. Noise error Is detected by the UART controller when the three samples taken 
on every bit are not Identical. When this error occurs, the channel writes the received 
character to the buffer and proceeds normally, but increments the NOSEC. 

NOTE 

In the synchronous mode of the UART controller, this error 
cannot occur. 
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Idle Sequence Receive. An idle is detected when one character consisting of all ones is 
received. When the UART is receiving data into a receive buffer, and an idle is received, 
the channel counts the number of consecutive Idle characters received. If the count 
reaches the value programmed into MAX_IDL, the buffer Is closed, and an RX interrupt is 
generated. If no receive buffer is open, this event does not generate an interrupt or any 
status information. The internal idle counter (IDLC) is reset every time a character is 
received. 

NOTE 

To disable the Idle sequence function entirely, set the 
MAXJDL value to zero. 

Framing Error. A framing error is detected by the UART controller when a character Is 
received with no stop bit. All framing errors are report by the UART controller, regardless 
of the UART mode. When this error occurs, the channel writes the received character to 
the buffer, closes the buffer, sets the FR bit in the BD, and generates the RX Interrupt (if 
enabled). The channel also increments the FRIVIEC. When this error occurs, parity is not 
checked for this character. In automatic multidrop mode, the receiver enters hunt mode 
immediately. 

If the RZS bit is set in the UART mode register when the UART Is In the synchronous 
mode (SYN is set), then the receiver reports all framing errors, but continues reception 
with the assumption that the unexpected zero is really the start bit of the next character. If 
RZS Is set, user software may not wish to consider a reported UART framing error as a 
true UART framing error, unless two or more framing errors occur within a short period of 
time. 

Break Sequence. The UART offers very flexible break support for the receiver. When the 
first break sequence is received (one or more all-zero characters), the UART increments 
the BRKEC and Issues the break start (BRKs) event in the UART event register, which 
can generate an interrupt (if enabled). The UART then measures the break length, and, 
when the break sequence Is complete, writes the length to the BRKLN register. After the 
first one is received, the UART also issues the break end (BRKe) event in the UART event 
register, which can generate an Interrupt (if enabled). If the UART was in the process of 
receiving characters when the break was received, it will also close the receive buffer, set 
the BR bit in the Rx BD, and write the RX bit in the event register, which can generate an 
interrupt (if enabled). 

If the RZS bit Is set In the UART mode register when the UART Is in the synchronous 
mode (SYN is set), then a break sequence will be detected only after two successive 
break characters are received. 

7.10.16.15 UART MODE REGISTER (PSMR). Each PSMR is a 16-bit, memory-mapped, 
read-write register that controls SCC operation. When the SCO is configured as a UART, 
this register Is called the UART mode register. This register Is cleared at reset. Many of 
the PSMR bits may be modified on the fly (i.e., while the receiver and transmitter are 
enabled). 
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FLC— Flow Control 

= Norm al operation. The GSMR and port C registers determine the mode of the 

CTS pin. 

1 = Asynchronous flow control. When the CTS pin is negat ed, th e transmitter will 

stop transmitting at the end of the current character. (If CTS Is negated past the 
middle of the current character, the next f ull character may be sent, and then 
transmission will be stopped.) When CTS is asserted once more, transmission 
will continue where it left off. No CTS lost error will be reported. No characters 
except idles will be transmitted while CTS is negated. 

SL— Stop Length 
The SL bit selects the number of the stop bits transmitted by the UART. This bit may be 
modified on the fly. The receiver is always enabled for one stop bit unless the UART is 
in synchronous mode and the RZS bit is set. Fractional stop bits are configured in the 
DSR. 

= One Stop Bit 

1 = Two Stop Bits 

CL— Character Length 
The CL bits determine the number of data bits in the character, not including the 
optional parity or multidrop address bits. When less than an 8-bit character is used, the 
MSBs in memory are written as zeros, and on transmission the MSBs in memory are a 
don't care. These bits may be modified on the fly. 

00 = 5 Data Bits 

01 = 6 Data Bits 
10= 7 Data Bits 
11= 8 Data Bits 

UM— UART Mode 
The UART mode bits select the protocol that is implemented over the ASYNC channel. 
These bits may be modified on the fly. 

00 = Normal UART operation. Multidrop mode is disabled, and an idle-line wake-up 

is selected. In the idle-line wake-up mode, the UART receiver is reenabled by 
receiving one character of all ones. 

01 = Multidrop non-automatic mode. In the multidrop mode, an additional 

address/data bit is transmitted with each character. The multidrop asynchronous 
modes are compatible with the MC68681 DUART, the MC68HC1 1 SCI, the 
DSP56000 SCI, and the Intel 8051 serial interface. The UART receiver is 
reenabled when the last data bit received in the character (i.e., the address bit) 
is a one. This means that the received character is an address that has to be 
processed by all inactive processors. The UART receives the address character 
and writes It to a new buffer. The CPU32+ core then compares the written 
address with its own address to decide whether to ignore or process the 
following characters. 
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10= Reserved 

11 = Multidrop automatic mode. In this mode, the CP automatically checks the 
address of the incoming address character using the UADDR1 and UADDR2 
parameter RAM values, and automatically accepts or discards the data that 
follows the address. 

FRZ — Freeze Transmission 

This bit allows the user to halt the UART transmitter and continue transmission from the 
same point at a later time. 

= Normal operation. If the UART was previously frozen, the UART resumes 

transmission from the next character In the same buffer that was frozen. 

1 = The UART completes transmission of any data already transferred to the UART 

FIFO (the number of characters depends on the TFL bit in the GSMR) and then 
freezes (stops transmitting data). After this bit is reset, transmission will proceed 
from the next character. 

RZS— Receive Zero Stop Bits 
The RZS bit configures the UART receiver to receive data without stop bits. This 
configuration is useful In V.14 applications where UART data Is supplied synchronously 
and all stop bits of a particular character may be omitted for the purpose of across- 
network rate adaptation. RZS should only be set if the SYN bit is also set. 

= The receiver operates normally with at least one stop bit required between 

characters. A framing error is issued upon a missing stop bit, and a break status 
is set if a character with all-zero data bits is received with a zero stop bit. 

1 = The receiver will continue reception if a missing stop bit is detected. If the stop bit 

is a zero, then the next bit is considered as the first data bit of the next character. 
A framing error is issued if a stop bit Is missing, but a break status will be 
reported only after back-to-back reception of two break characters without stop 
bits. 

SYN — Synchronous Mode 

= Normal asynchronous operation. Note that the user would normally program the 

TENC and RENC bits in the GSMR to NRZ, and must select either 8x, 16x, or 
32x in the RDCR and TDCR bits of the GSMR (16x is the recommended value 
for most applications). 

1 = Synchronous UART using 1x clock. Note that the user would normally program 

the TENC and RENC bits in the GSMR to NRZ, and must select the RDCR and 
TDCR bits in the GSMR to be 1 x mode. 

A one bit is transferred with each clock and is synchronous to the clock. (As with 
the other modes, the clock may be provided Internally or externally.) This mode is 
sometimes referred to as isochronous operation of a UART channel. 

DRT— Disable Receiver While Transmitting 

0= Normal operation 

1 = While data is b eing transmitted by the SCC, the receiver is disabled, being gated 
by the internal RTS signal. This configuration is useful if the UART is configured 
onto a multidrop line and the user does not wish to receive his own transmission. 
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Bit 5 — Reserved 

PEN— Parity Enable 

= No Parity 

1 = Parity is enabled and determined by the parity mode bits. 

RPM — Receiver Parity Mode 
The RPM bits select the type of parity check to be performed by the receiver. The RPM 
bits can be modified on the fly. 

00 = Odd Parity 

01 = Low Parity (always check for a zero in the parity bit position) 
10= Even Parity 

11= High Parity (always check for a one In the parity bit position) 
When odd parity Is selected, the transmitter will count the number of ones In the data 
word. If the total number of ones Is not an odd number, the parity bit is set to one and 
thus produces an odd number. If the receiver counts an even number of ones, an error 
In transmission has occurred. In the same manner, for even parity, an even number 
must result from the calculation performed at both ends of the line. In high/low parity 
(sometimes called mark/space parity), if the parity bit is not high/low, a parity error is 
reported. 

NOTE 

The receive parity errors cannot be disabled, but can be 
ignored if desired. 

TPM— Transmitter Parity Mode 

The TPM bits select the type of parity to be performed for the transmitter. The TPM bits 
can be modified on the fly. 

00 = Odd Parity 

01 = Force Low Parity (always send a zero In the parity bit position) 
10= Even Parity 

1 1 = Force High Parity (always send a one In the parity bit position) 

7.10.16.16 UART RECEIVE BUFFER DESCRIPTOR (Rx BD). The OP reports 
information concerning the received data on a per-buffer basis via Rx BDs. 

The CP closes the current buffer, generates a maskable Interrupt, and starts to receive 
data Into the next buffer after one of the following events: 

1 . Receiving a user-defined control character (when the reject bit = in the control 
character table entry) 

2. Detecting an error during message processing 

3. Detecting a full receive buffer 

4. Receiving a MAXJDL number of consecutive idle characters 

5. Issuing the ENTER HUNT MODE command 

6. Issuing the CLOSE Rx BD command 

7. Receiving an address character when working in multidrop mode (The address 
character Is written to the next buffer for software comparison.) 
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An example of the SCC UART Rx BD process is shown in Figure 7-48. 
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Figure 7-48. SCC UART Rx BD Example 
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NOTE: Entries in boldface must be initialized by the user. 

E— Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core Is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 14, 6, 2— Reserved 

W— Wrap (Final BD in Table) 

0= This Is not the last BD in the Rx BD table. 

1 = This is the last BD in the Rx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BD s in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt Is generated after this buffer has been filled. 

1 = The RX bit in the UART event register will be set when this buffer has been 

completely filled by the CP, indicating the need for the CPU32+ core to process 
the buffer. The RX bit can cause an interrupt if it is enabled. 

C — Control Character 

= This buffer does not contain a control character. 

1 = This buffer contains a control character. The last byte in the buffer is one of the 

user-defined control characters. 

A — ^Address 

= The buffer contains data only. 

1 = When working in non-automatic multidrop mode, this bit Indicates that the first 

byte of this buffer contains an address byte. The address comparison should be 
implemented In software. In automatic multidrop mode, this bit Indicates that the 
BD contains a message received immediately after an address recognized In 
UADDR1 or UADDR2. This address is not written into the receive buffer. 
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CM — Continuous Mode 

0= Normal operation. 

1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be overwritten automatically when the CP next accesses this BD. 

However, the E-bit will be cleared if an error occurs during reception, regardless 

of the CM bit. 

ID — Buffer Closed on Reception of Idles 
The buffer was closed due to the reception of the programmable number of consecutive 
idle sequences (defined in MAXJDL). 

AM — ^Address Match 
This bit has meaning only if the address bit is set and the automatic multidrop mode 
was selected in the UM bits. Following an address match, this bit defines which address 
character matched the user-defined address character, enabling the UART to receive 
data. 

= The address matched the value in UADDR2. 

1 = The address matched the value In UADDR1 . 

BR — Break Received 
A break sequence was received while receiving data into this buffer. 

FR — Framing Error 
A character with a framing error was received and is located in the last byte of this 
buffer. A framing error is a character without a stop bit. A new receive buffer will be 
used for further data reception. 

PR — Parity Error 

A character with a parity error was received and is located in the last byte of this buffer. 
A new receive buffer will be used for further data reception. 

OV-— Overrun 
A receiver overrun occurred during message reception. 

CD — Carrier Detect lost 
The carrier detect signal was negated during message reception. 

Data Length 
Data length is the number of octets written by the CP into this BD's data buffer. It is 
written by the CP once as the BD is closed. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 
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Rx Data Buffer Pointer 

The receive buffer pointer, wliicii always points to the first location of the associated 
data buffer, may be even or odd. The buffer may reside in either internal or external 
memory. 

7.10.16.17 UART TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data Is presented to the 
CP for transmission on an SCC channel by arranging It in buffers referenced by the 
channel's Tx BD table. The CP confirms transmission or indicates error conditions via the 
BDs to inform the processor that the buffers have been serviced. 
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NOTE: Entries in boldface must be initialized by the user. 




R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit Is set. 

W— Wrap (Final BD in Table) 

= This is not the last BD in the Tx BD table. 

1 = This is the last BD In the Tx BD table. After this buffer has been used, the CP will 

receive Incoming data Into the first BD In the table (the BD pointed to by TBASE). 
The number of Tx BDs in this table Is programmable, and is determined only by 
the W-bIt and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No Interrupt is generated after this buffer has been serviced. 

1 = The TX bit in the UART event register will be set when this buffer has been 

serviced by the CP, which can cause an interrupt. 

CR— Clear-to-Send Report 

This bit allows a choice of either no delay between buffers transmitted in UART mode, 
or a more accurate CTS lost error reporting and three bits of Idle between buffers. 



= 



1 = 



The buffer following this buffer will be transmitted with no delay (assuming it is 
ready), but the CT bit may not be set in the correct Tx BD or may not be set at all 
in a CTS lost condition. Asynchronous flow control, however, continues to 
function normally. 

Normal CTS lost (CT bit) error reporting, and three bits of idle occur between 
back-to-back buffers. 
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A— Address 

This bit is valid only in multidrop mode (either automatic or non-automatic). 

0= This buffer contains data only. 

1 = Set by the CPU32+ core, this bit indicates that this buffer contains address 
character(s). All the buffer's data will be transmitted as address characters. 

CIVI — Continuous Mode 
0= Normal operation. 
1 = The R-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be retransmitted automatically when the CP next accesses this BD. 

However, the R-bit will be cleared if an error occurs during transmission, 

regardless of the CM bit. 

P— Preamble 

= No preamble sequence is sent. 

1 = The UART sends one character of all ones before sending the data so that the 

other end will detect an idle line before the data. If this bit is set and the data 
length of this BD is zero, only a preamble will be sent. 

MS— No Stop Bit Transmitted 

= Normal operation. Stop bits are sent with all characters in this buffer. 

1 = The data in this buffer will be sent without stop bits. This operation occurs 

regardless of the value of the SL bit in the PSMR. 

The following bit is written by the CP after it has finished transmitting the associated data 
buffer. 

CT— CTSLost 




= The CTS signal remained asserted during transmission. 

1 = The CTS signal was negated during transmission. 

Data Length 

The data length Is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CP. Normally, this value should be greater than zero. 
The data length may be equal to ^ero with the P-bIt set, and only a preamble will be 
sent. 

Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first location of the associated 
data buffer, may be even or odd. The buffer may reside in either internal or external 
memory. 
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7.10.16.18 UART EVENT REGISTER (SCCE). The SCCE is called the UART event 
register when the SCC is operating as a UART. It Is a 16-bit register used to report events 
recognized by the UART channel and to generate interrupts. On recognition of an event, 
the UART controller will set the corresponding bit In the UART event register. Interrupts 
generated by this register may be masl<ed in the UART masl< register. An example of 
interrupts that may be generated by the UART is shown In Figure 7-49. 
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NOTES: 

1 . The first RX event assumes receive buffers are 6 bytes each. 

2. The second IDL event occurs after an all-ones character is received. 

3. The second RX event position is programmable based on the MAXJDL value. 

4. The BRKs event occurs after the first break character Is received. 

5. The CD event must be programmed in the port C parallel I/O, not in the SCC itself. 

LEGEND: 






A receive control character defined not to be stored in the receive buffer. 
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NOTES: 

1. TX event assumes all seven characters were put into a single buffer and CR = 1 in the Tx BD. 

2. The CTS event must be programmed in the port C parallel I/O, not in the SCC itself. 



Figure 7-49. UART Interrupt Events Example 
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The UART event register is a memory-mapped register that may be read at any time. A bit 
is cleared by writing a one (writing a zero does not affect a bit's value). More than one bit 
may be cleared at a time. AJI unmasked bits must be cleared before the CP will clear the 
internal interrupt request. This register is cleared at reset. 
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Bits 15-13, 10, 4— Reserved 
These bits should be written with zeros. 

GLr— Glitch on Rx 
A clock glitch was detected by this SCC on the receive clock. 

GLt— Glitch on Tx 
A clock glitch was detected by this SCC on the transmit clock. 

AB— Auto Baud 

An auto baud lock was detected. The CPU32+ core should rewrite the baud rate 
generator with the precise divider value for the desired baud rate. See 7.9 Baud Rate 
Generators (BRGs) for more details. 

IDL— Idle Sequence Status Changed 

A change in the status of the serial line was detected on the UART channel. The real- 
time status of the line may be read in SCCS. idle is entered when one character of all 
ones is received. It is exited when a single zero is received. 

GRA — Graceful Stop Complete 
A graceful stop, which was initiated by the GRACEFUL STOP TRANSMIT command, is 
now complete. This bit is set as soon the transmitter has finished transmitting any buffer 
that was in progress when the command was issued. It will be set immediately if no 
buffer was in progress when the command was issued. 

BRKe— Break End 
The end of a break sequence was detected. This indication will be set no sooner than 
after one idle bit is received following a break sequence. 

BRKs— Break Start 

A break character was received. This is the first break of a break sequence. The user 
will not receive multiple BRKs events if a long break sequence is received. 

CCR— Control Character Received 

A control character was received (with reject (R) character = 1) and stored In the 
receive control character register (RCCR). 
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BSY— Busy Condition 

A character was received and discarded due to lack of buffers. If the multidrop mode is 
selected, the receiver automatically enters hunt mode Immediately. Otherwise, 
reception continues as soon as an empty buffer Is provided. The latest that an Rx BD 
can be made empty (have its E-bit set) and still guarantee avoiding the busy condition is 
the middle of the stop bit of the first character to be stored In that buffer. 

TX— Tx Buffer 

A buffer has been transmitted over the UART channel. If CR = 1 in the Tx BD, this bit is 
set no sooner than when the last stop bit of the last character In the buffer begins to be 
transmitted. If CR = 0, this bit is set after the last character was written to the transmit 
FIFO. 

RX— Rx Buffer 

A buffer has been received over the UART channel. This event occurs no sooner than 
the middle of the first stop bit of the character that caused the buffer to be closed. 

7.10.16.19 UART MASK REGISTER (SCCM). The SCCM is referred to as the UART 
mask register when the SCC is operating as a UART. It is a 16-bit read-write register with 
the same bit formats as the UART event register. If a bit in the UART mask register is a 
one, the corresponding interrupt in the event register will be enabled. If the bit is zero, the 
corresponding interrupt in the event register will be masked. This register Is cleared upon 
reset. 

7.10.16.20 SCC STATUS REGISTER (SCCS). The SCCs is an 8-bit read-only register 
that allows t he us er to monitor real-time status conditions on the RXD line. The real-time 
status of the CTS and CD pins are part of the port C parallel I/O. 
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Bits 7-1 — Reserved 

ID— Idle Status 
ID is set when the RXD pin has been a logic one for at least one full character time, 

= The line is not currently idle. 

1 = The line is currently idle. 

7.10.16.21 SCC UART EXAMPLE. The following list is an initialization sequence for 9600 
baud, 6 data bits, no parity, and stop bit of an SCC UART operation assuming a 2 5-MHz 
system fre quen cy. BRG1 and SCC4 are u sed. T he UART is configured with the RTS4, 
CTS4, and CD4 pins active. In addition, the CTS4 pin is used as an automatic flow control 
signal. 

1 . Configure the port A pins to enable the TXD4 and RXD4 pins. Write PAPAR bits 6 
and 7 with ones. Write PADIR bits 6 and 7 with zeros. Write PAODR bits 6 and 7 
with zeros. 
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2. Configure the port C pins to enable RTS4, CTS4, and CD4. Write PCPAR bit 3 with 
one and bits 10 and 1 1 with zeros. Write PCDIR bits 3, 10, and 1 1 with zeros. Write 
peso bits 10 and 1 1 with ones. 

3. Configure BRG1. Write BRGC1 with $030144. The DIV16 

bit is not used, and the divider is 162 (decimal). The resulting BRG1 clock is 16x 
the desired bit rate of the UART. 

4. Connect the BRG1 clock to SCC4 using the SI. Write the R4CS bits In SICR to 000. 
Write the T4CS bits in SICR to 000. 

5. Connect the SCC4 to the NMSI (i.e., its own set of pins). Clear the SC4 bit In the 
SICR. 

6. Write RBASE and TBASE in the SCC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

7. Write RFCR with $18 and TFCR with $18 for normal operation. 

8. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 1 6 bytes, so MRBLR = $001 0. 

9. Write MAX_IDL with $0000 in the SCC UART-specific parameter RAM to disable 
the MAX_IDL functionality for this example. 

10. Set BRKCR to $0001 , so that if a STOP TRANSMIT command is issued, one break 
character will be sent. 

11. Clear PAREC. FRMEC, NOSEC, and BRKEC in the SCC UART-specific parameter 
RAM for the sake of clarity. 

12. Clear UADDR1 and UADDR2. They are not used. 

13. Clear TOSEQ. It is not used. 

14. Write CHARACTER1-8 with $8000. They are not used. 

15. Write RCCM with $C0FF. It is not used. 

1 6. Initialize the Rx BD. Assume the Rx data buffer is at $00001 000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for instructional purposes only). Write $00001 000 to Rx_BD_Pointer. 

17. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-bit characters. Write $B00O to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

18. Write $FFFF to the SCCE to clear any previous events. 

19. Write $0003 to the SCCM to enable the TX and RX interrupts. 

20. Write $08000000 to the CIMR to allow SCC4 to generate a system interrupt. (The 
CICR should also be initialized.) 

21 . Write $00000020 to GSMR_H4 to configure a small receive FIFO width. 

22. Wri te $0 0028004 to GSMR_L4 to configure 16x sampling for transmit and receive, 
the CTS and CD pins to automatically control transmission and reception (DIG bits), 
and the UART mode. Notice that the transmitter (ENT) and receiver (ENR) have 
not been enabled yet. 
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23. Set the PSMR4 to $B000 to configure automatic flow control using the GTS pin, 
8-bit characters, no parity, 1 stop bit, and asynchronous UART operation. 

24. Write $00028034 to GSMR_L4 to enable the SCC4 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 

7.10.16.22 S-RECORDS PROGRAMMING EXAMPLE. In the following paragraphs, an 
example of a downloading application is given that utilizes an SCO channel as a UART 
controller. The application performs downloads and uploads of S-records between a host 
computer and an intelligent peripheral through a serial asynchronous line. 

The S-records are strings of ASCII characters that begin with 'S' and end in an end-of-line 
character. This characteristic will be used to impose a message structure on the 
communication between the devices. Note that each device may also transmit XON and 
XOFF characters for flow control, which do not form part of the program being uploaded or 
downloaded. 

The UART mode register should be set as required, with the FRZ bit cleared and the ENT 
and ENR bits set. Receive buffers should be linl<ed to the receive buffer table with the 
interrupt (I) bit set. For simplicity, assume that the line is not multidrop (no addresses are 
transmitted) and that each S-record will fit into a single data buffer. 

Three characters should first be entered Into the UART control character table: 

1 . Line Feed — Both the E and R bits should be cleared. When an end-of-line character 
Is received, the current buffer is closed (the next BD taken by the CP) and made 
available to the CPU32+ core for processing. This buffer contains an entire S record, 
which the processor can now check and copy to memory or disk as required. 

2. XOFF— E should be cleared, and R should be set. Whenever the CPU32+ core 
receives a control character received interrupt and the receive control character 
register contains XOFF, the software should immediately stop transmitting to the 
other station by setting the FRZ bit in the UART mode register. This prevents data 
from being lost by the other station when it runs out of receive buffers. 

3. XON — ^XON should be received after XOFF. E should be cleared, and R should be 
set. The FRZ bit on the transmitter should now be cleared. The CP automatically 
resumes transmission of the serial line at the point at which it was previously 
stopped. Like XOFF, the XON character is not stored in the receive buffer. 

To receive the S-records, the CPU32+ core must only wait for the RX interrupt. Indicating 
the reception of a complete S-record buffer. Transmission requires assembling S-records 
into data buffers and linking them to the transmit buffer table (transmission may be 
temporarily halted by reception of an XOFF character). This scheme minimizes the 
number of interrupts received by the CPU32+ core (one per S-record) and relieves it from 
the task of continually scanning for control characters. 
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7,10.17 HDLC Controller 

Layer 2 of the seven-layer OSI model is the data link layer. One of the most common layer 
2 protocols Is HDLC. In fact, many other common layer 2 protocols are heavily based on 
HDLC, particularly the framing structure of HDLC: namely, SDLC, SS#7, AppleTalk, 
LAPB, and LAPD. The framing structure of HDLC is shown in Figure 7-50. 

HDLC uses a zero insertion/deletion process (commonly known as bit-stuffing) to ensure 
that the bit pattern of the delimiter flag does not occur In the fields between flags. The 
HDLC frame is synchronous and therefore relies on the physical layer to provide a method 
of clocking and synchronizing the transmitter/receiver. 

Since the layer 2 frame can be transmitted over a point-to-point link, a broadcast network, 
or packet and circuit switched systems, an address field Is needed to carry the frame's 
destination address. The length of this field is commonly 0, 8, or 16 bits, depending on the 
data link layer protocol. For instance, SDLC and LAPB use an 8-bit address. SS#7 has no 
address field at all because it is always used In point-to-point signaling links. LAPD further 
divides its 16-bit address into different fields to specify various access points within one 
piece of equipment. It also defines a broadcast address. Some HDLC-type protocols also 
allow for extended addressing beyond 1 6 bits. 

The 8 or 16-bit control field provides a flow control number and defines the frame type 
(control or data). The exact use and structure of this field depends upon the protocol using 
the frame. 

Data Is transmitted in the data field, which can vary in length depending upon the protocol 
using the frame. Layer 3 frames are carried in this data field. 

Error control is Implemented by appending a CRC (CRC) to the frame, which in most 
protocols is 16-bits long but may be as long as 32-bits. 

In HDLC, the LSB of each octet is transmitted first, and the MSB of the CRC is transmitted 
first. 

When the MODE bits of the GSMR select the HDLC mode, then that SCO functions as an 
HDLC controller. When an SCC In HDLC mode is used with a nonmultiplexed modem 
interface, then the SCC outputs are connected directly to the external pins. Modem 
signals may be supported through the port C pins. The receive and transmit clocks can be 
supplied either from the bank of baud rate generators, by the DPLL, or externally. The 
HDLC controller may also be connected to one of the two TDM channels of the serial 
interface and used with the TSA. 

The HDLC controller consists of separate transmit and receive sections whose operations 
are asynchronous with the CPU32+ core and may be either synchronous or asynchronous 
with respect to the other SCCs. The user can allocate up to 196 BDs for receive and 
transmit tasks so that many frames may be transmitted or received without host 
intervention. 



MOTOROLA MC68360 USER'S MANUAL 7-173 




HDLC 




7.10.17.1 HDLC CONTROLLER KEY FEATURES. The HDLC contains the following key 
features: 

Flexible Data Buffers with Multiple Buffers per Frame 

Separate Interrupts for Frames and Buffers (Receive and Transmit) 

Received Frames Threshold To Reduce Interrupt Overhead 

May Be Used with the SCC DPLL 

Four Address Comparison Registers with Mask 

Maintenance of Five 16-Bit Error Counters 

Flag/Abort/Idle Generation/Detection 

Zero Insertion/Deletion 

16-Bit or 32-Bit CRC-CCITT Generation/Checking 

Detection of Nonoctet Aligned Frames 

Detection of Frames That Are Too Long 

Programmable Flags (0-15) Between Successive Frames 

Automatic Retransmission in Case of Collision 

7.10.17.2 HDLC CHANNEL FRAME TRANSMISSION PROCESSING. The HDLC 
transmitter is designed to work with almost no intervention from the CPU32+ core. When 
the CPU32+ core enables one of the transmitters, it will start transmitting flags or idles as 
programmed in the HDLC mode register. The HDLC controller will poll the first BD in the 
transmit channel's BD table. When there is a frame to transmit, the HDLC controller will 
fetch the data from memory and start transmitting the frame (after first transmitting the 
user-specified minimum number of flags between frames). When the end of the current 
BD has been reached and the last buffer in the frame bit is set, the CRC, if selected, and 
the closing flag are appended. In HDLC, the LSB of each octet is transmitted first, and the 
MSB of the CRC is transmitted first. A typical HDLC frame is shown in Figure 7-50. 



OPENING FLAG 


ADDRESS 


CONTROL 


INFORMATION 
(OPTIONAL) 


CRC 


CLOSING FLAG 



8 BITS 16 BITS 8 BITS 8N BITS 16 BITS 

Figure 7-50. HDLC Framing Structure 



8 BITS 
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Following the transmission of the closing flag, the HDLC controller writes the frame status 
bits into the BD and clears the R-bit. When the end of the current BD has been reached 
and the last bit is not set (working in multibuffer mode), only the R-bIt is cleared. In either 
mode, an interrupt may be Issued if the 1-bit in the Tx BD is set. The HDLC controller will 
then proceed to the next Tx BD in the table. In this way, the user may be Interrupted after 
each buffer, after a specific buffer has been transmitted, or after each frame. 

To rearrange the transmit queue before the CP has completed transmission of all buffers. 
Issue the STOP TRANSMIT command. This technique can be useful for transmitting 
expedited data before previously linked buffers or for error situations. When receiving the 
STOP TRANSMIT command, the HDLC controller will abort the current frame being 
transmitted and start transmitting idles or flags. When the HDLC controller is given the 
RESTART TRANSMIT command, it resumes transmission. 

To insert a high-priority frame without aborting the current frame, the GRACEFUL STOP 
TRANSMIT command may be issued. A special interrupt (GRA) can be generated in the 
event register when the current frame is complete. 

7.10.17.3 HDLC CHANNEL FRAME RECEPTION PROCESSING. The HDLC receiver is 
also designed to work with almost no intervention from the CPU32+ core. The HDLC 
receiver can perform address recognition, CRC checking, and maximum frame length 
checking. The received frame is available to the user for performing any HDLC-based 
protocol. 

When the CPU32+ core enables one of the receivers, the receiver waits for an opening 
flag character. When the receiver detects the first byte of the frame, the HDLC controller 
will compare the frame address against the user-programmable addresses. The user has 
four 1 6-bit address registers and an address mask available for address matching. The 
HDLC controller will compare the received address field to the user-defined values after 
masking with the address mask. The HDLC controller can also detect broadcast (all ones) 
address frames, if one address register is written with all ones. 

If a match is detected, the HDLC controller will fetch the next BD and, if it is empty, will 
start to transfer the incoming frame to the BD's associated data buffer. When the data 
buffer has been filled, the HDLC controller clears the E-bit in the BD and generates an 
interrupt if the 1-bit in the BD is set. If the incoming frame exceeds the length of the data 
buffer, the HDLC controller will fetch the next BD in the table and, if it is empty, will 
continue to transfer the rest of the frame to this BD's associated data buffer. 

During this process, the HDLC controller will check for a frame that is too long. When the 
frame ends, the CRC field is checked against the recalculated value and Is written to the 
data buffer. The data length written to the last BD in the HDLC frame is the length of the 
entire frame. This enables HDLC protocols that "lose" frames to correctly recognize the 
frame-too-long condition. The HDLC controller then sets the last buffer in frame bit, writes 
the frame status bits into the BD, and clears the E-bit. The HDLC controller next generates 
a maskable interrupt, indicating that a frame has been received and is In memory. The 
HDLC controller then waits for a new frame. Back-to-back frames may be received with 
only a single shared flag between frames. 
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The user can configure the HDLC controller not to interrupt the CPU32+ core until a 
certain number of frames has been received. This is configured in the received frames 
threshold (RFTHR) location of the parameter RAM. The user can combine this function 
with a timer to implement a timeout if less than the threshold number of frames Is 
received. 

7.10.17.4 HDLC MEMORY MAP. When configured to operate In HDLC mode, the QUICC 
overlays the structure listed in Table 7-5 with the HDLC-specific parameters described In 
Table 7-7. 




Table 7-7. HDLC-SpecifIc Parameters 


Address 


Name 


Width 


Description 


SCO Base + 30 


RES 


Long 


Reserved 


SCO Base + 34 


C_MASK 


Long 


CRC Constant 


SCO Base + 38 


C.PRES 


Long 


CRC Preset 


SCO Base + 3C 


DISFC 


Word 


Discard Frame Counter 


SCO Base -i- 3E 


CRCEC 


Word 


CRC Error Counter 


sec Base + 40 


ABTSC 


Word 


Abort Sequence Counter 


sec Base + 42 


NMARC 


Word 


Nonmatching Address Rx Counter 


sec Base + 44 


RETRC 


Word 


Frame Transmission Counter 


see Base + 46 


MFLR 


Word 


Max Frame Length Register 


see Base + 48 


MAX_cnt 


Word 


Max_Length Counter 


see Base + 4A 


RFTHR 


Word 


Received Frames Threshold 


see Base + 4e 


RFCNT 


Word 


Received Frames Count 


see Base + 4E 


HMASK 


Word 


User-Defined Frame Address Mask 


see Base + 50 


HADDR1 


Word 


User-Defined Frame Address 


see Base + 52 


HADDR2 


Word 


User-Defined Frame Address 


see Base + 54 


HADDR3 


Word 


User-Defined Frame Address 


see Base + 56 


HADDR4 


Word 


User-Defined Frame Address 


see Base + 58 


IMP 


Word 


Temp Storage 


see Base + 5A 


TMP_MB 


Word 


Temp Storage 



NOTE: The boldfaced items should be initialized by the user. 

C_MASK. For the 16-bit CRC-CCITT, C_MASK should be initialized with $0000F0B8. For 
the 32-bit CRC-CCITT, C_MASK should be initialized with $DEBB20E3. For the CRC16, 
which Is not normally used with HDLC but used with BISYNC, C_MASK should be 
Initialized with $00000000. 

C_PRES. For the 16-bit CRC-CCITT, C_PRES should be initialized with $OOOOFFFF. For 
the 32-bit CRC-CCITT, C_PRES should be Initialized with $FFFFFFFF. For the CRC16, 
C_PRES should be initialized with ones ($OOOOFFFF) or zeros ($00000000). 
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DISFC, CRCEC, ABTSC, NMARC, and RETRC. These 16-bit (modulo 2"' 6) counters are 
maintained by the CP. They may be initialized by the user while the channel is disabled. 
The counters are as follows: 

• DISFC Discarded Frame Counter (error-free frames but no free buffers) 

• CRCEC CRC Error Counter (includes frames not addressed to the user or 

frames received in the BSY condition, but does not include overrun 
errors) 

• ABTSC Abort Sequence Counter 

• NMARC Non-Matching Address Received Counter (error-free frames only) 

• RETRC Frame Retransmission Counter (due to collision) 

MFLR. The HDLC controller checks the length of an incoming HDLC frame against the 
user-defined value given in this 16-bit register. If this limit Is exceeded, the remainder of 
the incoming HDLC frame is discarded, and the LG (Rx frame too long) bit Is set In the last 
BD belonging to that frame. The HDLC controller waits to the end of the frame and reports 
the frame status and the frame length in the last Rx BD. MFLR is defined as all the In- 
frame bytes between the opening flag and the closing flag (address, control, data, and 
CRC). MAX_cnt is a temporary down-counter used to track the frame length. 

HMASK, HADDR1, HADDR2, HADDR3, and HADDR4. Each HDLC controller has five 16- 
bit registers for address recognition — one mask register and four address registers. The 
HDLC controller reads the frame's address from the HDLC receiver, checks It against the 
four address register values, and then masks the result with the user-defined mask 
register. A one in the mask register represents a bit position for which address comparison 
should occur; a zero represents a masked bit position. Upon an address match, the 
address and the data following are written Into the data buffers. When the addresses are 
not matched and the frame is error-free, the nonmatching address received counter 
(NMARC) is Incremented. 

NOTE 

For 8-bit addresses, mask out (clear) the eight high-order bits 
in the HMASK register. 

The eight low-order bits of HMASK and HADDRx should 
contain the address byte that immediately follows the opening 
fiag. Example: To recognize a frame that begins $7E (Flag), 
$68, $AA, using 16-bit address recognition, HADDRx should 
contain $AA68, and HMASK should contain $FFFF (see Figure 
7-51). 
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16-BIT ADDRESS RECOGNITION 



8-BIT ADDRESS RECOGNITION 



RECOGNIZES ONE 16-BIT ADDRESS (HADDR1) AND 
THE 16-BIT BROADCAST ADDRESS (HADDR2). 



FLAG 
$7E 


ADDRESS 
$68 


ADDRESS 
$AA 


CONTROL 
$44 


ETC. 




FUG 

$7E 


ADDRESS 
$55 


CONTROL 
$44 


ETC. 
























HMASK 
HADDR1 
HADDR2 
HADDR3 
HADDR4 


$FFFF 


HMASK 
HADDR1 
HADDR2 
HADDR3 
HADDR4 


$OOFF 






$AA68 


$XX55 






$FFFF 


$XX55 






$AA68 


$XX5S 






$AA68 


$XX55 





RECOGNIZES A SINGLE 8-BIT ADDRESS (HADDR1). 




Figure 7-51. HDLC Address Recognition Example 

RFTHR. The received frames thresiiold value is used to reduce the interrupt overhead 
that might othenn/ise occur when a series of short HDLC frames arrives, each causing an 
RXF interrupt. By setting the RFTHR value, the user can limit the frequency of RXF 
interrupts. The RXF interrupt will only occur when the RFTHR value is reached. RFCNT is 
a down-counter used to implement this feature. 

NOTE 

The user should provide enough empty Rx BDs to receive the 
number of frames specified in RFTHR. 

7.10.17.5 HDLC PROGRAMMING MODEL. The CPU32+ core configures each SCC to 
operate in one of the protocols by the I^ODE bits in the GSI^R. The HDLC controller uses 
the same data structure as in all other modes. This data structure supports multibuffer 
operation and address comparisons. 

The receive errors (overrun, nonoctet aligned frame, CD lost, aborted frame, and CRC 
error) are reported through the Rx BD. The transmit errors (underrun and CTS lost) are 
reported through the Tx BD. 

7.10.17.6 HDLC COMMAND SET. The following transmit and receive commands are 
issued to the CR. 

7.10.17.6.1 Transmit Commands. The following paragraphs describe the HDLC transmit 
commands. 

STOP TRANSI\/IIT Command. After a hardware or software reset and the enabling of the 
channel in the SCC mode register, the channel is in the transmit enable mode and starts 
polling the first BD in the table every 64 transmit clocl<s (immediately if the TOD bit in the 
TODR is set). 

The channel STOP TRANSMIT command disables the transmission of frames on the 
transmit channel. If this command is received by the HDLC controller during frame 
transmission, transmission is aborted after a maximum of 64 additional bits are 
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transmitted, and the transmit FIFO Is flushed. The TBPTR Is not advanced, no new BD is 
accessed, and no new frames are transmitted for this channel. The transmitter will 
transmit an abort sequence consisting of 01111111 (if the command was given during 
frame transmission) and then begin to transmit flags or idles, as indicated by the HDLC 
mode register. 

NOTE 

If the MFF bit In the PSMR Is set, then It Is possible for one or 
more small frames to be flushed from the transmit FIFO. To 
avoid this, the GRACEFUL STOP TRANSMIT command may 
be used. 

GRACEFUL STOP TRANSMIT Command. The channel GRACEFUL STOP TRANSMIT 
command is used to stop transmission In an orderly way rather than abruptly, as 
performed by the regular STOP TRANSMIT command. It stops transmission after the 
current frame has completed transmission, or Immediately If there Is no frame being 
transmitted. The GRA bit in the SCCE will be set once transmission has stopped. After 
transmission ceases, the HDLC transmit parameters, including BDs, may be modified. 
The TBPTR will point to the next Tx BD in the table. Transmission will begin once the R-bit 
of the next BD is set and the RESTART TRANSMIT command Is Issued. 

RESTART TRANSMIT Command. The RESTART TRANSMIT command enables the 
transmission of characters on the transmit channel. This command Is expected by the 
HDLC controller after a STOP TRANSMIT command, after a STOP TRANSMIT command 
and disabling the channel in its SCO mode register, after a GRACEFUL STOP TRANSMIT 
command, or after a transmitter error (underrun or CTS lost when no automatic frame 
retransmission is performed). The HDLC controller will resume transmission from the 
current TBPTR In the channel's Tx BD table. 

INIT TX PARAMETERS Command. This command Initializes all transmit parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.10.17.6.2 Receive Commands. The following paragraphs describe the HDLC receive 
commands. 

ENTER HUNT MODE Command. After a hardware or software reset and the enabling of 
the channel in the SCC mode register, the channel is In the receive enable mode and will 
use the first BD in the table. 

The ENTER HUNT MODE command is generally used to force the HDLC receiver to abort 
reception of the current frame and enter the hunt mode. In the hunt mode, the HDLC 
controller continually scans the Input data stream for the flag sequence. After receiving the 
command, the current receive buffer is closed, and the CRC Is reset. Further frame 
reception will use the next BD. 

CLOSE Rx BD Command. This command should not be used In the HDLC protocol. 
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INIT RX PARAMETERS Command. This command initializes all the receive parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 

7.10.17.7 HDLC ERROR-HANDLING PROCEDURE. The HDLC controller reports frame 
reception and transmission error conditions using the channel BDs, the error counters, 
and the HDLC event register. 

7.10.17.7.1 Transmission Errors. The following paragraphs describe various types of 
HDLC transmission errors. 

Transmitter Underrun. When this error occurs, the channel terminates buffer transmission, 
closes the buffer, sets the underrun (U) bit in the BD, and generates the TXE Interrupt If It 
is enabled. The channel will resume transmission after reception of the RESTART 
TRANSMIT command. The transmit FIFO size is 32 bytes on SCC1 and 16 bytes on 
SCC2, SCC3, and SCC4. 

CTS Lost During Frame Transmission. When this error occurs, the channel terminates 
buffer transmission, closes the buffer, sets the CT bit in the BD, and generates the TXE 
interrupt if it Is enabled. The channel will resume transmission after reception of the 
RESTART TRANSMIT command. 

If tiiis error occurs on the first or second buffer of the frame and the RTE bit In the HDLC 
mode register is set, the channel will retransmit the frame when the CTS line becomes 
active again. When working in an HDLC mode with collision possibility, to ensure the 
retransmission method functions properly, the first and second data buffers should contain 
more than 36 bytes of data (SCC1), and 20 bytes of data (SCC2, SCC3, and SCC4) if 
multiple buffers per frame are used. (Small frames consisting of a single buffer are not 
subject to this requirement.) The channel will also increment the retransmission counter. 

7.10.17.7.2 Reception Errors. The following paragraphs describe various types of HDLC 
reception errors. 

Overrun Error. The HDLC controller maintains an internal FIFO for receiving data. The CP 
begins programming the SDMA channel (if the data buffer is in external memory) and 
updating the CRC when 8 or 32 bits (according to the RFW bit in the GSMR) are received 
in the FIFO. When a receive FIFO overrun occurs, the channel writes the received data 
byte to the Internal FIFO over the previously received byte. The previous data byte and 
the frame status are lost. The channel closes the buffer with the overrun (OV) bit in the BD 
set and generates the RXF interrupt if it is enabled. The receiver then enters the hunt 
mode. 

Even if the overrun occurs during a frame whose address Is not matched in the address 
recognition logic, an Rx BD with data length two will be opened to report the overrun, and 
the RXF Interrupt will be generated if it is enabled. 
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CD Lost During Frame Reception. When tiiis error occurs, tlie channel terminates frame 
reception, closes the buffer, sets the CD bit in the Rx BD, and generates the RXF interrupt 
If it is enabled. This error has the highest priority. The rest of the frame is lost, and other 
errors are not checked in that frame. The receiver then enters the hunt mode. 

Abort Sequence. An abort sequence is detected by the HDLC controller when seven or 
more consecutive ones are received. When this error occurs and the HDLC controller is 
currently receiving a frame, the channel closes the buffer by setting the AB bit in the Rx 
BD and generates the RXF interrupt (if enabled). The channel also increments the abort 
sequence counter. The CRC and nonoctet error status conditions are not checked on 
aborted frames. The receiver then enters hunt mode. 

If the HDLC controller is not currently receiving a frame when an abort is received, no 
indication is given to the user. 

Nonoctet Aligned Frame. When this error occurs, the channel writes the received data to 
the data buffer, closes the buffer, sets the Rx nonoctet aligned frame (NO) bit in the Rx 
BD, and generates the RXF interrupt (if enabled). The CRC error status should be 
disregarded on nonoctet frames. After a nonoctet aligned frame Is received, the receiver 
enters hunt mode. (An immediately following back-to-back frame will still be received.) The 
nonoctet data may be derived from the last word in the data buffer as follows: 

MSB ^___^ LSB 

I 1 I 0_ 

< VALID DATA > < NONVALIDDATA -—> 

NOTE 

If the data buffer swapping option is used (MOT bit cleared in 
the RFCR), then the above diagram refers to the last byte of 
the data buffer, not the last word. In HDLC, the LSB of each 
octet is transmitted first, and the IVISB of the CRC is 
transmitted first. 

CRC Error. When this error occurs, the channel writes the received CRC to the data 
buffer, closes the buffer, sets the CR bit in the Rx BD, and generates the RXF interrupt (if 
enabled). The channel also increments the CRC error counter. After receiving a frame 
with a CRC error, the receiver enters hunt mode. (An immediately following back-to-back 
frame will still be received.) CRC checking cannot be disabled, but the CRC error may be 
ignored if checking is not required. 

7.10.17.8 HDLC MODE REGISTER (PSMR). Each HDLC mode register is a 16-bit, 
memory-mapped, read-write register that controls SCC operation. The term HDLC mode 
register refers to the PSI\/IR of the SCC when that SCC is configured for HDLC. The HDLC 
mode register is cleared at reset. 
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BUS 
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NOF — Number of Flags 

Minimum number of flags between frames or before frames (0 to 15 flags). If NOF = 
0000, then no flags will be inserted between frames. Thus, the closing flag of one frame 
will be immediately followed by the opening flag of the next frame in the case of back-to- 
back frames. These bits may be modified on the fly. 

CRC— CRC Selection 

00 = 16-Bit CCITT-CRC (HDLC). (X16 + X12 + X5 + 1) 

01 = Reserved. 

10 = 32-Bit CCITT-CRC (Ethernet and HDLC). (X32 + X26 + X23 + X22 + X16 + X12 

+ X1 1 + XI + X8 + X7 + X5 + X4 + X2 + XI +1 ) 
11= Reserved. 

RTE — Retransmit Enable 

= No retransmission 

1 = Automatic frame retransmission is enabled. This is particularly useful in the 

HDLC Bus protocol and ISDN applications where multiple HDLC controllers may 
be colliding on a single channel. Note that retransmission only occurs if the CTS 
lost happens on the first or second buffer of the frame. 

Bits 8, 2-0— Reserved 

FSE — Flag Sharing Enable 
This bit is only valid if the RTSM bit is set in GSMR This bit may be modified on the fly. 

= Normal operation 

1 = If NOF3-NOF0 = 0000, then a single shared flag is transmitted between back-to-r , 

back frames. Other values of NOF3-NOF0 are decremented by one when FSE is 
set. This is useful in Signaling System #7 applications. 

DRT^Disable Receiver While Transmitting 

= Normal operation 

1 = While data is being transmitted by the SCC, the receiver is disabled, being gated 

by the internal RTS signal. This configuration is useful if the HDLC channel is 
configured onto a multidrop line and the user does not wish to receive his own 
transmission. 

BUS— HDLC Bus Mode 

= Normal HDLC operation 

1 = HDLC Bus operation selected. See 7.10.18 HDLC Bus Controller for more 

details. 
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BRM— HDLC Bus RTS Mode 
This bit is only valid if BUS = 1 ; otherwise, it is ignored. 



= Normal RTS operation during HDLC Bus mode. RTS is asserted on the first bit of 

the tran smit f rame and negated after the first col lision bit is received. 

1 = Special RTS operation during HDLC Bus mode. RTS is delayed by one bit with 

respect to the normal case. This is useful when the HDLC Bus protocol is run 
locally, and at the same time, transmitted over a long-distance transmission line. 
Data may be delayed by one bit before it is sent over the transmission line; thus, 
RTS may be used to enable the transmission line buffers. The result is a clean 
signal level sent over the transmission line. 

MFF — Multiple Frames in FIFO 

= Normal operation. The transmit FIFO can never contain more than one HDLC 

frame. The CTS lost status will be reported accurately on a per-frame basis. The 
receiver is not affected by this bit. 

1 = The transmit FIFO can contain multiple frames, but CTS lost is not guaranteed to 

be reported on the exact buffer/frame on which it truly occurred. This option, 
however, can improve the performance of HDLC transmissions in cases of small 
back-to-back frames or In cases where the user desires to strongly limit the 
number of flags transmitted between frames. The receiver is not affected by this 
bit. 

7.10.17.9 HDLC RECEIVE BUFFER DESCRIPTOR (Rx BD). The HDLC controller uses 
the Rx BD to report information about the received data for each buffer. An example of the 
Rx BD process is shown in Figure 7-52. 
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Figure 7-52. HDLC Rx BD Example 



PRESENT 
TIME 



7-184 



MC68360 USER'S MANUAL 



MOTOROLA 



HDLC 





15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





OFFSET + 


E 


— 


W 


1 


L 


F 


CM 


— 


DE 


— 


LG 


NO 


AB 


OR 


OV 


CD 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 
OFFSET + 6 


RX DATA BUFFER POINTER 



NOTE: Entries in boldface must be initialized by the user. 

E — Empty 

= The data buffer associated with this BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 14, 8, 6— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last buffer descriptor in the Rx BD table. 

1 = This is the last buffer descriptor in the Rx BD table. After this buffer has been 

used, the CP will receive incoming data into the first BD in the table (the BD 
pointed to by RBASE). The number of Rx BD s in this table is programmable, 
and is determined only by the W-bit and the overall space constraints of the dual- 
port RAM. 

I — Interrupt 

= The RXB bit is not set after this buffer has been used, but RXF operation remains 

unaffected. 

1 = The RXB or RXF bit in the HDLC event register will be set when this buffer has 

been used by the HDLC controller. These two bits may cause interrupts (if 
enabled). 

L — Last in Frame 

This bit is set by the HDLC controller when this buffer is the last in a frame. This implies 
the reception of a closing flag or reception of an error, in which case one or more of the 
CD, OV, AB, and LG bits are set. The HDLC controller will write the number of frame 
octets to the data length field. 

= This buffer is not the last in a frame. 

1 = This buffer is the last in a frame. 

F — First in Frame 
This bit is set by the HDLC controller when this buffer is the first in a frame. 

= The buffer is not the first in a frame. 

1 = The buffer is the first in a frame. 
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CM— Continuous Mode 
0= Normal operation. 
1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be ovenArritten automatically when the CP next accesses this BD. 

However, the E-bit will be cleared if an error occurs during reception, regardless 

of the CM bit. 

DE— DPLL Error 
This bit is set by the HDLC controller when a DPLL error has occurred during the 
reception of this buffer. In decoding modes where a transition is promised every bit, the 
DE t}it will be set when a missing transition has occurred. 

LG— Rx Frame Length Violation 

A frame length greater than the maximum defined for this channel was recognized (only 
the maximum-allowed number of bytes (MFLR) is written to the data buffer). This event 
will not be reported until the Rx BD is closed and the RXF bit is set, after receipt of the 
closing flag. The actual number of bytes received between flags is written to the data 
length field of this BD. 

NO— Rx Nonoctet Aligned Frame 
A frame that contained a number of bits not exactly divisible by eight was received. 

AB—Rx Abort Sequence 
A minimum of seven consecutive ones was received during frame reception. 

CR— Rx CRC Error 

This frame contains a CRC error. The received CRC bytes are always written to the 
receive buffer. 

OV— Overrun 
A receiver overrun occurred during frame reception. 

CD— Carrier Detect Lost 

The carrier detect signal was negated during frame reception. This bit is only valid when 
working in the NMSI mode. 

Data Length 

Data length is the number of octets written by the CP into this BD's data buffer. It Is 
written by the CP once as the BD is closed. 

When this BD is the last BD in the frame (L = 1), the data length contains the total 
number of frame octets (including 2 or 4 bytes for CRC). 

The actual amount of memory allocated for this buffer should be greater than or equal to 
the contents of the MRBLR. 
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Rx Data Buffer Pointer 

The receive buffer pointer, wfiich always points to the first location of the associated 
data buffer, may reside in either internal or external memory. The Rx buffer pointer must 
be divisible by 4. . 

7.10.17.10 HDLC TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data is presented to the 
HDLC controller for transmission on an SCC channel by arranging it in buffers referenced 
by the channel's Tx BD table. The HDLC controller confirms transmission (or indicates 
error conditions) using the BDs to inform the CPU32+ core that the buffers have been 
serviced. 
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NOTE: Entries in boldface must be initialized by the user. 

R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

Bits 14, 8-2— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last BD in the Tx BD table. 

1 = This is the last BD in the Tx BD table. After this buffer has been used, the CP will 

receive incoming data into the first BD in the table (the BD pointed to by TBASE). 
The number of Tx BD s in this table is programmable, and is detennined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt Is generated after this buffer has been serviced. 

1 = Either TXB or TXE in the HDLC event register will be set when this buffer 

has been serviced by the HDLC controller. These bits can cause interrupts 
(if enabled). 

L— Last 

= This is not the last buffer in the frame. 

1 = This is the last buffer in the current frame. 
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TC— Tx CRC 
This bit is valid only when the L-bit is set; otherwise, it is ignored. 

= Transmit the closing flag after the last data byte. This setting can be used for 

testing purposes to send a bad CRC after the data. 

1 = Transmit the CRC sequence after the last data byte. 

CM— Continuous IVIode 
0= Normal operation. 
1 = The R-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be retransmitted automatically when the CP next accesses this BD. 

However, the R-blt will be cleared if an error occurs during transmission, 

regardless of the CM bit. 

The following status bits are written by the HDLC controller after It has finished 
transmitting the associated data buffer. 

UN— Underrun 
The HDLC controller encountered a transmitter underrun condition while transmitting 
the associated data buffer. 

CT— CTS Lost 

CTS in NMSI mode or layer 1 grant was lost in GCI mode during frame transmission. If 
data from more than one buffer is currently in the FIFO when this error occurs, this bit 
will be set in the Tx BD that is currently open. 

Data Length 

The data length is the number of bytes the HDLC controller should transmit from this 
BD's data buffer. It is never modified by the CP. The value of this field should be greater 
than zero. 

Tx Data Buffer Pointer 
The transmit buffer pointer, which contains the address of the associated data buffer, 
may be even or odd. The buffer may reside in either internal or external memory. This 
value is never modified by the CP. 

7.10.17.11 HDLC EVENT REGISTER (SCCE). The SCCE is called the HDLC event 
register when the SCC is operating as an HDLC controller. It is a 16-bit register used to 
report events recognized by the HDLC channel and to generate interrupts. On recognition 
of an event, the HDLC controller will set the corresponding bit in the HDLC event register. 
Interrupts generated by this register may be masked in the HDLC mask register. An 
example of Interrupts that may be generated in the HDLC protocol is shown In Figure 
7-53. 
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NOTES: 

1 . RXB event assumes receive buffers are 6 bytes each. 

2. The second IDL event occurs after 15 ones are received In a row. 

3. The FLG interrupts show the beginning and end of flag reception. 

4. The FLG Interrupt at the end of the frame may precede the RXF intemipt due to receive FIFO latency. 

5. The CD event must be programmed in the port C parallel i/0, not In the SCO Itself. 

6. F = flag, A = address byte, C = control byte, I := information byte, and CR = CRC byte. 
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NOTES: 

1 . TXB event shown assumes all three bytes were put Into a single buffer. 

2. Example shows one additional opening flag. This is programmable. 

3. The CTS event must be programmed in the port C parallel I/O, not In the SCO Itself. 



Figure 7-53. HDLC Interrupt Event Example 

The HDLC event register is a memory-mapped register that may be read at any time. A bit 
Is cleared by writing a one (writing a zero does not affect a bit's value). More than one bit 
may be cleared at a time. All unmasked bits must be cleared before the CP will clear the 
internal interrupt request. This register is cleared at reset. 
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Bits 15-13, 6, 5— Resen/ed 
These bits should be written with zeros. 



MOTOROLA 



MC68360 USER'S MANUAL 



7-189 




HDLC 

GLr— Glitch on Rx 
A clock glitch was detected by this SCC on the receive clock. 

GLt— Glitch on Tx 
A clock glitch was detected by this SCC on the transmit clock. 

DCC— DPLL CS Changed 
The carrier sense status as generated by the DPLL has changed state. The real-time 
status may be found in SCCS. This is not the CD pin status (which is reported in port 
C), and is only valid when the DPLL is used. 

FLG— Flag Status 
The HDLC controller has stopped or started receiving HDLC flags. The real-time status 
may be obtained in SCCS. 

IDL— Idle Sequence Status Changed 
A change in the status of the serial line was detected on the HDLC line. The real-time 
status of the line may be read in SCCS. 

GRA — Graceful Stop Complete 
A graceful stop, which was initiated by the GRACEFUL STOP TRANSMIT command, is 
now complete. This bit is set as soon the transmitter has finished transmitting any frame 
that was in progress when the command was issued. It will be set immediately if no 
frame was in progress when the command was issued. 

TXE—Tx Error 
An error (CTS lost or underrun) occurred on the transmitter channel. 

RXF— Rx Frame 

A complete frame has been received on the HDLC channel. This bit is set no sooner 
than two clocks after receipt of the last bit of the closing flag. 

BSY— Busy Condition 
A frame was received and discarded due to lack of buffers. 

TXB— Transmit Buffer 

A buffer has been transmitted on the HDLC channel. This bit is set no sooner than when 
the last bit of the closing flag begins its transmission if the buffer is the last one in the 
frame. Otherwise, this bit is set after the last byte of the buffer has been written to the 
transmit FIFO. 

RXB— Receive Buffer 
A buffer has been received on the HDLC channel that was not a complete frame. 
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7.10.17.12 HDLC MASK REGISTER (SCCM). The SCCM is referred to as the HDLC 
mask register when the SCC is operating as an HDLC controlier. It is a 16-bit read-write 
register with the same bit formats as the HDLC event register. If a bit in the HDLC masl< 
register is a one, the corresponding interrupt in the event register will be enabled. If the bit 
is zero, the corresponding interrupt in the event register will be masl<ed. This register is 
cleared upon reset. 

7.10.17.13 SCC STATUS REGISTER (SCCS). The SCCS is an 8-bit read-only register 
that allows t he us er to monitor real-time status conditions on the RXD line. The real-time 
status of the CTS and CD pins are part of the port C parallel I/O. 
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Bits 7-3— Reserved 

FG — Flags 
While FG is cleared, the most recently received 8 bits are examined every bit time to 
see if a flag is present. FG is set as soon as an HDLC flag ($7E) is received on the line. 
Once FG is set, it will remain set at least 8 bit times, at which time the next 8 received 
bits are examined. If another flag occurs, then FG remains set for at least another eight 
bits; otherwise, FG is cleared and the search begins again. 
The examination of the line is made after the data has been decoded by the DPLL. 

= HDLC flags are not currently being received. 

1 = HDLC flags are currently being received. 

OS— Carrier Sense (DPLL) 

This bit shows the real-time carrier sense of the line as detemriined by the DPLL, if it is 
used. 

= The DPLL does not sense a carrier. 

1 = The DPLL does sense a carrier. 

ID— Idle Status 
ID is set when the RXD pin is a logic one for 15 or more consecutive bit times; It is 
cleared after a single logic zero is received. 

= The line is not currently idle. 

1 = The line is currently idle. 

7.10.17.14 SCC HDLC EXAMPLE #1. The following list is an initialization sequence for an 
SCC HDLC channel assuming an external c lock is pro vided. SCC4 is used. The HDLC 
controller is configured with the RTS4, CTS4, and CD4 pins active. The CLK7 pin is used 
for both the HDLC receiver and transmitter. 

1 . Configure the port A pins to enable the TXD4 and RXD4 pins. Write PAPAR bits 6 
and 7 with ones. Write PADIR bits 6 and 7 with zeros. Write PAODR bits 6 and 7 
with zeros. 



MOTOROLA MC68360 USER'S MANUAL 7-191 




HDLC 




2. Configure the port C pins to enable RTS4, CTS4, and CD4. Write PCPAR bit 3 with 
one, and bits 10 and 1 1 with zeros. Write PCDIR bits 3, 10, and 1 1 with zeros. 
Write peso bits 10 and 11 with ones. 

3. Configure port A to enable the CLK7 pin. Write PAPAR bit 14 with a one. Write 
PADIR bit 1 4 with a zero. 

4. Connect the CLK7 pin to SCC4 using the SI. Write the R4CS bits in SICR to 1 10. 
Write the T4CS bits in SICR to 1 1 0. 

5. Connect the SCC4 to the NMSI (i.e., its own set of pins). Clear the SC4 bit 
in the SICR. 

6. Write RBASE and TBASE in the SCC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

7. Write RFCR with $18 and TFCR with $18 for normal operation. 

8. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 256 bytes, so MRBLR = $0100. The value 256 was chosen to allow an 
entire receive frame to fit into one receive buffer (see MFLR below). 

9. Write C_MASK with $0000F0B8 to comply with 1 6-bit CCITT-CRC. 

10. Write C_PRES with $OOOOFFFF to comply with 16-bit CCITT-CRC. 

11. Clear DISFC, CRCEC, ABTSC, NMARC, and RETRC for the sake of clarity. 

12. Write MFLR with $0100 to make the maximum frame size 256 bytes. 

13. Write RFTHR with $0001 to allow interrupts after each frame. 

14. Write HMASK with $0000 to allow all addresses to be recognized. 

1 5. Clear HADDR1 , HADDR2, HADDR3, and HADDR4 for clarity. 

16. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 In main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

17. Initialize the Tx BD. Assume the Tx data frame is at $00002000 in main memory 
and contains five 8-bit characters. Write $BCOO to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

1 8. Write $FFFF to the SCCE to clear any previous events. 

19. Write $001 A to the SCCM to enable the TXE, RXF, and TXB interrupts. 

20. Write $08000000 to the CIMR to allow SCC4 to generate a system interrupt. (The 
CiCR should also be initialized.) 

21 . Write $00000000 to GSMR_H4 to enable normal behavior of the CTS and CD pins 
and idles between frames (as opposed to flags). 

22. Write $00000000 to GSMR_L4 to configure the CTS and CD pins to automatically 
control transmission and reception (DIG bits) and the HDLC mode. Normal 
operation of the transmit clock Is used (TCI is cleared). Notice that the transmitter 
(ENT) and receiver (ENR) have not been enabled. If inverted HDLC operation 

is desired, set the RINV and TINV bits. 

23. Set the PSMR4 to $0000 to configure one opening and one closing flag, 16-bit 
CCITT-CRC, and prevention of multiple frames in the FIFO. 
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24. Write $00000030 to GSMR_L4 to enable the SCC4 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After 5 bytes and CRC have been transmitted, the Tx BD is 
closed. Additionally, the receive buffer is closed after a frame is 
received. Any additional receive data beyond 256 bytes or a 
single frame will cause a busy (out-of-buffers) condition since 
only one Rx BD was prepared. 

7.10.17.15 sec HDLC EXAMPLE #2. The following Is an initialization sequence for an 
SCO HDLC channel that uses the DPLL In a Manchester encoding. The user provides a 
clock that is 16x the desired bit rate, on the CLK7 pin. CLK7 is then connected to the 
HDLC transmitter and receiver. (A baud rate generator could hav e been used inste ad, if 
desired). SCC4 is used. The HDLC controller is configured with the RTS4, CTS4, and CD4 
pins active. 

1 . Follow all the steps in the HDLC Example #1 , until the step where the GSMR is 
initialized. 



2. Write $00000000 to GSMR_H4 to enable normal behavior of the CTS and CD pins, 
and idles between frames (as opposed to flags). 

3. Write $004AA400 to GSMR_L4 to configure carrier sense always active, a 16-bit 
preamble of "01 " pattern, 16x operation of the DPLL for th e rec eiver and transmitter, 
Manchester encoding for the receiver and transmitter, the CTS and CD pins to 
automatically control transmission and reception (DIAG bits), and the HDLC mode. 
Notice that the transmitter (ENT) and receiver (ENR) have not been enabled yet. 

4. Set the PSMR4 to $0000 to configure one opening and one closing flag, 16-bit 
CCITT-CRC, and not allowing multiple frames in the FIFO. 

5. Write $004AA430 to GSMR_L4 to enable the SCC4 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After the preamble and 5 bytes have been transmitted, the Tx 
BD is closed. Additionally, the receive buffer is closed after 16 
bytes have been received. Any additional receive data beyond 
1 6 bytes will cause a busy (out-of-buffers) condition since only 
one Rx BD was prepared. 

7.10.18 HDLC Bus Controller 

HDLC bus is an enhancement of HDLC that allows an HDLC-based LAN and other HDLC 
point-to-multipoint configurations to be easily implemented. Most versions of HDLC-based 
controllers only provide point-to-point communications. 

HDLC bus is based on the techniques used in the CCITT ISDN 1.430, and ANSI T1.605 
standards for D-channel point-to-multipoint operation over the S/T interface. However, 
HDLC bus is not fully compliant with 1.430 or T1.605, and cannot be used to directly 
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replace devices that implement these protocols. Instead, HDLC bus is more suited to the 
needs of non-ISDN LAN and point-to-multipoint configurations. 

It may be helpful for the reader to review the basic features of 1.430 and T1.605 before 
learning HDLC bus. 

I.430/T1 .605 define a method whereby 8 terminals may be connected over the D-channel 
of the S/T bus of ISDN. The protocol used at layer 2 is a variant of HDLC, called LAPD. 
However, at layer 1 , a method is provided to allow any of the 8 terminals to acquire 
access to the physical S/T bus to send frames to the switch. 

The S/T interface device detects whether the channel is clear by looking at an "echo" bit 
on the line. The echo bit is designed to echo whatever bit was most recently transmitted 
on the D channel. Depending on the "class" of the terminal, and the particular situation, 
the S/T interface device may wait for 7, 8, 9, or 10 ones on the echo bit before allowing 
the LAPD frame to begin transmission. Once transmission begins, the S/T chip monitors 
the data that was sent. As long as the echo bit matches the transmit data, the 
transmission continues. If the echo bit is ever a zero when the transmit bit is a one, then a 
collision has occurred between terminals, and the station(s) that transmitted a zero 
immediately stops further transmission. The station that transmitted a one continues 
normally. 

In summary, I.430/T1.605 provides a physical layer protocol that allows multiple terminals 
to share the same physical connection. These protocols make very efficient use of the bus 
by dealing with collisions in such a way that one station is always able to complete its 
transmission. Once a station completes a transmission, it lowers Its own priority to give 
other devices fair access to the physical connection. 

HDLC bus works much the same way; however, a fe w diffe rences exist. First, HDLC bus 
does not use the echo bit, but rather a separate pin (C TS) to monitor the data that was 
transmitted. The transmit data is simply connected to the CTS input. Second, HDLC bus is 
a synchronous digital open-drain connection for short-distance configurations, rather than 
the more complex definition of the S/T interface. Third, HDLC bus allows any HDLC-based 
frame protocol to be implemented at layer 2, not just LAPD. Fourth, HDLC bus devices 
wait either 8 or 10 bit times before transmitting, rather than 7, 8, 9, or 10 bits (HDLC bus 
has one "class" rather than two). 

Figure 7-54 shows HDLC-bus in its most common LAN configuration. All stations may 
transmit and receive data to/from every other station on the LAN. All transmissions are 
half-duplex, as is typical in LANs. 
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NOTES: 

1 . Transceivers may be used to extend the LAN size, if necessary. 

2. The TXD pins should be configured to open-drain in the port C paraliei I/O port. 

Figure 7-54. HDLC Bus Multi-Master Configuration 

Figure 7-55 shows the other LAN-type configuration of HDLC bus. In this configuration, a 
master station transmits to any slave station, with no collisions possible. The slaves 
communicate only with the master, but may experience collisions in their access over the 
bus. In this configuration, a slave that must communicate with another slave must first 
transmit its data to the master, where the data is buffered In RAM and then retransmitted 
to the other slave. The benefit of this configuration, however, is that full-duplex operation 
may be obtained. This configuration is preferred in a point-to-multipoint environment. 
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NOTES: 

1. Transceivers may be used to extend the LAN size, if necessary. 

2. The TXD pins of slave devices should be configured to open-drain in the port C parallel I/O port. 

Figure 7-55. HDLC Bus Single-Master Configuration 
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7.10.18.1 HDLC BUS KEY FEATURES. The HDLC bus controller contains the following 
key features: 

• Superset of the HDLC Controller Features 

• Automatic HDLC Bus Access 

• Automatic Retransmission in Case of a Collision 

• May Be Used with the NMSI Mode or a TDM Bus 




• Delayed RTS Mode 

7.10.18.2 HDLC BUS OPERATION. The following paragraphs detail the operation of the 
HDLC bus controller. 

7.10.18.2.1 Accessing the HDLC Bus. HDLC bus ensures an orderly access to the bus 
when two or more transmitters attempt to access the bus simultaneously. In such a case, 
one transmitter will always be successful in completing its transmission. This procedure 
relies upon the use of HDLC flags consisting of the binary pattern 01111110 ($7E) and the 
use of the zero bit insertion to prevent flag imitation. 

While in the acti ve co ndition (desiring to transmit), the HDLC bus co ntrolle r will monitor the 
bus through the CTS pin. It counts the number of one bits using the CTS pin, and If a zero 
is detected, the intemal counter is cleared. 

Once 8 consecutive ones have been received, the HDLC bus controller will begin 
transmission on the line. While it Is transmitting information on the b us, th e transmitted 
data is continuously compared with the data actually on the bus. The CTS pin is used to 
sample the external bus. 



Figure 7-56 shows how the CTS pin is used. The CTS sample is tal<en halfway through the 
bit time, using the rising edge of the transmit clock. If the transmitted bit is the same as the 
received CTS sample, the HDLC bus controller continues its transmission. If, however, the 
received CTS sample is different from the transmitted bit, the HDLC controller ceases 
transmission following that bit and returns to the active condition. Since the HDLC bus 
uses a wired-OR scheme, a transmitted zero has priority over a transmitted one. 
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Figure 7-56. HDLC Bus Collision Detection 

If the source address is included in tiie i-IDLC frame in addition to tlie destination address, 
a predefined priority of nodes will result. In addition, the inclusion of a source address will 
allow collisions to be detected no later than the end of the source address. 

NOTE 

HDLC bus can be used with many different HDLC-based frame 
formats. HDLC bus does not specify the type of HDLC protocol 
used. 

To ensure that all stations gain an equal share of the bus, a priority mechanism is also 
implemented in HDLC bus. Once an HDLC bus node has completed the transmission of a 
frame, it waits for 10 consecutive one bits, rather than just 8, before beginning the next 
transmission, in this way, all nodes desiring to transmit will obtain the bus, before a node 
transmits twice. Once a node detects that 1 consecutive ones have occurred on the bus, 
it may attempt transmission and can reinstate its original priority of waiting for 8 ones. 

7.10.18.2.2 More Performance. Since HDLC bus is used in a wired-OR configuration, the 
limit of HDLC bus operation is determined by the rise time of the one bit. 

Figure 7-57 shows a method to increase performance. The user supplies a clock that is 
high for a shorter duration than it is low, which allows more rise time in the case of a one 
bit. 
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Figure 7-57. Nonsymmetrical Duty Cycie 




7.10.18.2.3 Delayed RTS Mo6e. Sometimes HDLC bus may be used in a configuration 
having a local HDLC bus and a standard transmission line that is not an HDLC bus. Figure 
7-58 illustrates such a case. The local HDLC bus controllers do not communicate with 
each other, but with a station on the transmission line; yet the H DLC b us protocol is used 
to control the access to the transmission line. In such a case, the RTS pin may be used as 
follows. 
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NOTES: 

1 . The TXD pins of slave devices should be configured to open-drain in the p ort C parallel I/O port 

2. The RTS pins of each HDLC bus controller are configured to delayed RTS mode. 

Figure 7-58. HDLC Bus Transmission Line Configuration 
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N ormal ly, the RTS pin goes active at the beginning of the first bit of the opening flag. Use 
of RTS is not normally req uired in HDLC bus; however, a mode exists on the QUICC's 
HDLC bus that delays the RTS signal by one bit with respect to the data. This mode is 
selected with the BRIV! bit in the PSMR. 



The delayed RTS mode is useful when the HDLC bus is used to connect multiple local 
nodes t o a tra nsmission line. If the transmission line driver has a one-bit delay, then the 
delayed RTS line can be used to enable the output of the transmission line driver. The 
result is that t he tra nsmission line bits always drive "clean" without any collisions occurring 
on them. The RTS timing is shown in Figure 7-59. 
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Figure 7-59. Delayed RTS Mode 
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7.10.18.2.4 Using the TSA. Sometimes HDLC bus may be used in a configuration that 
has a local HDLC bus, and a TDM transmission line that is not an HDLC bus. Figure 7-60 
shows such a case. The local HDLC bus controllers all communicate over time slots; 
however, more than one HDLC bus controller is assigned to a given time slot, and the 
HDLC bus protocol Is used to control access during that time slot. 
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NOTES: 

1 . All Tx pins of slave devices should be configured to open-drain in the port C parallel I/O port. 

2. The TSA in the SI of each station is used to configure the desired time slot. 

3. The choice of the number of stations to share a time slot is user-defined. It is two in this example. 

Figure 7-60. HDLC Bus TSA Transmission Line Configuration 

Once again, the local HDLC controllers do not communicate with each other, only with the 
transmission line. If the SCC is configured to operate using the TSA of the SI, then the 
data will be received and transmitted using the LI TXDx a nd L1 RXDx pins. T he collision 
sensing is still obtained from the SCC's individual CTSx pin; thus, the CTS pin must be 
configured in port C to conne ct to the desired SCC. Since the SCC only receives clocks 
during Its time slot, the CTS pin is only sampled during the transmit ciocl< edges of the 
SCC's particular time slot. 

7.10.18.3 HDLC BUS IVIEIVIORY IVIAP AND PROGRAIVilVIING. HDLC bus on the QUICC 
is implemented using the HDLC controller with certain bits set. Otherwise, the user should 
consult the HDLC controller section for detailed information on the programming of HDLC. 

7.10.18.3.1 GSI\/IR Programming. The GSMR programming sequence is as follows: 

1. Set the MODE bits to HDLC. 

2. Set the ENT and ENR bits as desired. 

3. Set the DIAG bits for normal operation. 

4. Set the RDCR and TDCR bits for 1x clock. 

5. Set the TENC and RENC bits for NRZ. 

6. Clear RTSM. 

7. Set CTSS to one and all other bits to zero or to their default condition. 
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7.10.18.3.2 PSMR Programming. The PSMR programming sequence is as follows: 

1 . Set the NOF bits as desired. 

2. Set the CRC to 16-bit CRCCCITT. 

3. Set the RTE bit. 

4. Set the BUS bit. 

5. Set the BRM bit to one or zero as desired. 

6. Set all other bits to zero or to their default condition. 

7.10.18.3.3 HDLC Bus Controller Example. Except for the previously discussed register 
programming, the HDLC Example #1 may be followed. 



7.1 0.1 9 AppleTalk Controller 

AppleTalk is a set of protocols developed by Apple Computer Inc. to provide a LAN 
service between Macintosh computers and printers. Although AppleTalk can be 
Implemented over a variety of physical and link layers, Including Ethernet, the AppleTalk 
protocols have traditionally been most closely associated with one particular physical and 
link layer protocol called LocalTalk. 

The term LocalTalk refers to an HDLC-based link layer and physical layer protocol that 
runs at the rate of 230.4 kbps. In this document, the term AppleTalk controller refers to a 
support that the QUICC provides for the LocalTalk protocol. 

The AppleTalk controller provides the required frame synchronization, bit sequence, 
preamble, and postamble onto standard HDLC frames. These capabilities, as well as the 
use of the HDLC controller in conjunction with the DPLL operating in FMO mode, provide 
the proper connection formats to the LocalTalk bus. 

NOTE 

The MC68302 also provides the same general level of 
LocalTalk functionality when it is combined with its companion 
chip, the MC68195 LocalTalk Adaptor (LA). The LA device, 
however, is not required with the QUICC. 

7.10.19.1 LOCALTALK BUS OPERATION. The following paragraphs detail the operation 
of the LocalTalk. A LocalTalk frame Is a modified HDLC frame as shown in Figure 7-61 . 
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Figure 7-61. LocalTalk Frame Format 
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First, a synchronization sequence of greater tiian tliree bits is sent. Tliis sequence 
consists of at least one logical one bit, FMO encoded, followed by greater than two bit 
times of line idle. No particular maximum time is specified for this line idle time. The idle 
time allows some LocalTalk equipment to sense carrier by detecting a "missing clock" on 
the line. 

The remainder of the frame is a typical half-duplex HDLC frame. Two or more flags are 
sent, allowing bit, byte, and frame delineation/detection. Two bytes of address, destination 
and source, are transmitted next. This is followed by a byte of control and to 600 data 
bytes. Next, two bytes of CRC are sent. The CRC is the common 16-bit CRC-CCITT 
polynomial referenced in the HDLC standard protocol. The LocalTalk frame is then 
terminated by a flag and a restricted HDLC abort sequence (a sequence of 12 to 18 
logical ones). The transmitter's driver Is then disabled. 

The control byte within the LocalTalk frame indicates the type of frame. Control byte 
values from 0x01 to 0x7f are data frames, and control byte values from 0x80 to Oxff are 
control frames. Four different control frames are currently defined: ENQ (Enquiry), ACK 
(ENQ acknowledgement), RTS (request to send a data frame), and CTS (clear to send a 
data frame). 

Frames are sent in groups known as dialogs. For instance, to transfer a data frame, three 
frames are a ctually sent over the network: an RTS frame (not to be confused with the RS- 
232 pin RTS) is sent requesting the network, a CTS frame Is sent by the destination node, 
and the data frame is sent by the requesting node. These three frames comprise one 
possible type of dialog. Once a dialog has begun, other nodes cannot begin transmission 
until the dialog is complete. Dialogs are typically handled in software. 

Frames within a dialog are transmitted with a maximum interframe gap (IFG) of 200 [is. 
Although the LocalTalk specification does not state It, there is also a minimum 
recommended IFG of 50 [is. Dialogs must be separated by a minimum interdialog gap 
(IDG) of 400 ^is. In general, these gaps are implemented via software. 

Due to the protocol definition, collisions should only be encountered during RTS and ENQ 
frames. Once a frame's transmission is started, it is fully transmitted, regardless of 
whether It collides with another frame. ENQ frames are infrequent, being sent only when a 
node Is powered up and enters the network. A higher level protocol controls the 
uniqueness and transmission of ENQ frames. 

In addition to the frame fields, LocalTalk requires that the frame be FMO (differential 
Manchester space) encoded. FMO requires one level transition on every bit boundary. If 
the value to be encoded is a logic zero, FMO also requires a second transition in the 
middle of the bit time. The purpose of the FMO encoding is to eliminate the need to 
transmit clocking information on a separate wire. With FMO, the clocking information is 
present whenever valid data is present. 
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7.10.19.2 APPLETALK CONTROLLER KEY FEATURES. The AppleTalk controller 
contains the following key features: 

• Superset of the HDLC Controller Features 

• Provides FMO Encoding/Decoding 

• Programmable Transmission of Sync Sequence 

• Automatic Postamble Transmission 

• Reception of Sync Sequence Does Not Cause Extra CD Interrupts 

• Reception Automatically Disabled While Transmitting a Frame 

• Transmit-on-Demand Feature Expedites Frames 

• Connects Directly to RS-422 Transceiver 

7.10.19.3 QUICC APPLETALK HARDWARE CONNECTION. The QUICC connects to 
LocalTalk as sho wn in Figure 7-62. The QUICC Interfaces to the RS-422 transceiver 
through the TXD, RTS, and RXD pins. The RS-422, In turn, Interfaces to the LocalTalk 
connector. Although it is not shown, a passive RC circuit is recommended between the 
transceiver and the connector. 

The 16x overspeed clock of 3.686 MHz may be generated from an external frequency 
source or from one of the baud rate generators if the resulting BRG output frequency is 
close to a multiple of the 3.686-MHz frequency (within the tolerance specified by 
LocalTalk). 




The QUICC asserts the RTS signal for the complete duration of the frame; thus, RTS may 
be used to enable the RS-422 transmit driver. 

7.10.19.4 APPLETALK MEMORY MAP AND PROGRAMMING MODEL. The AppleTalk 
controller on the QUICC is implemented using the HDLC controller with certain bits set. 
OthenA/ise, the user should consult 7.10.18 HDLC Bus Controller for detailed information 
on the programming of HDLC. 
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Figure 7-62. Connecting the QUICC to LocalTalk 



7.10.19.4.1 GSI\/IR Programming. The GSMR programming sequence is as follows: 

1 . The MODE bits should be set to AppleTalk. 

2. The ENT and EN R bits should be set. 



3. The DIG bits should beset fo r nor mal operation, with the CD and CTS pins 
ground ed or with the CD and CTS pins configured for parallel I/O, which causes 
CD and CTS to be internally asserted to the SCC. 

4. The RDCR and TDCR bits should usually be set to 16x clock. 

5. The TENC and RENC bits should be set for FMO. 

6. The Tend bit should be zero. 

7. The TPP bits should be 11. 

8. The TPL bits should be set to 000 to transmit the next frame with no 
synchronization sequence and to 001 to transmit the next frame with the 
LocalTalk synchronization sequence. For example, data frames do not require 
a preceding synchronization sequence. These bits may be modified on the fly 
if the AppleTalk protocol is selected. 

9. The TINV and RINV bits should be zero. 

10. The TSNC bits should be set to 1.5 bit times 10. 

11. The EDGE bits should be zero. 

12. RTSM should be zero. 

13. All other bits should be set to zero or to their default condition. 
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7.10.19.4.2 PSMR Programming. The PSMR programming sequence is as follows: 

1. The NOP bits should be set to 0001 (binary) giving two flags before frames (one 
opening flag, plus one additional flag). 

2. The CRC should be set to 16-bit CRC-CCITT. 

3. The DRT bit should be set. 

4. All other bits should be set to zero or to their default condition. 

7.10.19.4.3 TODR Programming. To expedite a transmit frame, the transmit on demand 
register (TODR) may be used. 

7.10.19.4.4 AppleTalk Controller Example. Except for the previously discussed register 
programming, the HDLC Example #1 may be followed. 



7.1 0.20 BISYNC Controller 

The byte-oriented binary synchronous communication (BISYNC) protocol was originated 
by IBM for use in networking products. The three classes of BISYNC frames are 
transparent, non-transparent with header, and non-transparent without header (see Figure 
7-63). The transparent mode In BISYNC allows full binary data to be transmitted with any 
possible character pattern. Each class of frame starts with a standard two-octet 
synchronization pattern and ends with a block check code (BCC). The end of text 
character (ETX) is used to separate the text and BCC fields. 

NOTE 

The transparent frame type in BISYNC is not related to the 
totally transparent protocol supported by the QUICC. See 
7.10.21 Transparent Controller for details. 
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Figure 7-63. Typical BISYNC Frames 

The bulk of the frame is divided into fields whose meaning depends on the frame type. 
The BCC is a 16-bit CRC (CRC16) format if 8-bit characters are used; it is a longitudinal 
check (a sum check) in combination with vertical redundancy check (parity) if 7-bit 
characters are used. In transparent operation, to allow the BISYNC control characters to 
be present in the frame as valid text data, a special character (DLE) is defined, which 
informs the receiver that the character following the DLE is a text character, not a control 
character. If a DLE is transmitted as valid data, it must be preceded by a DLE character. 
This technique is sometimes called byte-stuffing. 
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The physical layer of the BISYNC communications link must provide a means of 
synchronizing the receiver and transmitter. This is usually accomplished by sending at 
least one pair of synchronization characters prior to every frame 

BISYNC is unusual in that a transmit underrun need not be an error. If an underrun 
occurs, the synchronization pattern is transmitted until data is once again ready to 
transmit. The receiver discards the additional synchronization characters as they are 
received. In non-transparent operation, all synchronization characters (SYNCs) are 
discarded. In transparent operation, all DLE-SYNC pairs are discarded. (Correct operation 
in this case assumes that, on the transmit side, the underrun does not occur between the 
OLE and its following character, a failure mode that is prevented in the QUICC.) 

By appropriately setting the SCC mode register, any of the SCC channels may be 
configured to function as a BISYNC controller. The BISYNC controller handles the basic 
functions of the BISYNC protocol in normal mode and in transparent mode. 

The SCC in BISYNC mode can work with the TSA or NMSI. The SCC can support modem 
lines by a connection to the port C pins or by using the general-purpose I/O pins. 

The BISYNC controller consists of separate transmit and receive sections whose 
operations are asynchronous with the CPU32+ core and may be either synchronous or 
asynchronous with respect to the other SCCs. 

7.10.20.1 BISYNC CONTROLLER FEATURES. The BISYNC controller contains the 
following key features: 

• Flexible Data Buffers 

• Eight Control Character Recognition Registers 

• Automatic SYNC1-SYNC2 Detection 

• 16-Bit Pattern (BISYNC) 

• 8-Bit Pattern (Monosync) 

• 4-Bit Pattern (Nibblesync) 

• Extemal Sync Pin Support 

• SYNC/DLE Stripping and Insertion 

• CRC16 and LRC Generation/Checking 

• Parity (VRC) Generation/Checking 

• Supports BISYNC Transparent Operation (Use of DLE Characters) 

• Maintains Parity Error Counter 

• Reverse Data Mode 

7.10.20.2 BISYNC CHANNEL FRAME TRANSMISSION. The BISYNC transmitter is 
designed to work with almost no intervention from the CPU32+ core. When this CPU32+ 
core enables the BISYNC transmitter, It will start transmitting SYN1-SYN2 pairs (located 
in the data synchronization register) or idle as programmed in the BISYNC mode register. 
The BISYNC controller polls the first BD in the transmit channel's BD table. If there is a 
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message to transmit, the BISYNC controller will fetch the data from memory and start 
transmitting the message (after first transmitting the SYN1-SYN2 pair). The entire SYN1- 
SYN2 pair is always transmitted, regardless of the programming of the SYNL bits in the 
GSMR. 

When a BD's data has been completely transmitted, the L-bit is checked. If both the L-bit 
and transmit BCS bit are set in that BD, the BISYNC controller will append the 
CRC1 6/LRC. Subsequently, the BISYNC controller writes the message status bits into the 
BD and clears the R-bit. It will then start transmitting SYN1-SYN2 pairs or Idles as 
programmed in the RTSIVI bit In the GSMR. When the end of the current BD has been 
reached and the last bit is not set (working in multibuffer mode), only the R-bit is cleared. 
In both cases, an Interrupt Is issued according to the l-bit in the BD. By appropriately 
setting the l-bit in each BD, interrupts can be generated after the transmission of each 
buffer, a specific buffer, or each block. The BISYNC controller will then proceed to the 
next BD in the table. 

If no additional buffers have been presented to the BISYNC controller for transmission, an 
in-frame underrun is detected, and the BISYNC controller begins transmitting either 
SYNCs or idles. If the BISYNC controller was in transparent mode, the BISYNC controller 
transmits DLE-SYNC pairs. 

Characters are included in the block check sequence (BCS) calculation on a per-buffer 
basis. Each buffer can be independently programmed to be Included or excluded from the 
BCS calculation, and any characters to be excluded from the BCS calculation must reside 
In a separate buffer. The BISYNC controller can reset the BCS generator before 
transmitting a specific buffer. When functioning in transparent mode, the BISYNC 
controller automatically Inserts a DLE before transmitting a DLE character. In this case, 
only one DLE is used in the calculation of the BCS. 

7.10.20.3 BISYNC CHANNEL FRAME RECEPTION. Although the BISYNC receiver Is 
designed to work with almost no intervention from the CPU32+ core, it allows user 
Intervention on a per-byte basis if necessary. The BISYNC receiver can perform CRC16, 
longitudinal redundancy check (LRC), or vertical redundancy check (VRC) checking, 
SYNC stripping In normal mode, DLE-SYNC stripping and stripping of the first DLE in 
DLE-DLE pairs In transparent mode, and control character recognition. A control character 
is discussed in 7.10.20.6 BISYNC Control Character Recognition. 

When the CPU32+ core enables the BISYNC receiver. It will enter hunt mode. In this 
mode, as data is shifted into the receiver shift register one bit at a time, the contents of the 
register are compared to the contents of the SYN1-SYN2 fields In the data 
synchronization register. If the two are not equal, the next bit is shifted In, and the 
comparison is repeated. When the registers match, the hunt mode is terminated, and 
character assembly begins. The BISYNC controller is now character synchronized and will 
perform SYNC stripping and message reception. The BISYNC controller will revert to the 
hunt mode when it is Issued the ENTER HUNT MODE command, upon recognition of 
some error condition, or upon reception of an appropriately defined control character. 
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When receiving data, the BISYNC controller updates the BCS bit (CR) in the BD for every 
byte transferred. When the data buffer has been filled, the BISYNC controller clears the E- 
bit in the BD and generates an interrupt if the 1-bit in the BD is set. If the incoming data 
exceeds the length of the data buffer, the BISYNC controller will fetch the next BD in the 
table and, if it is empty, will continue to transfer data to this BD's associated data buffer. 

When a BCS is received, it is checl^ed and written to the data buffer. The BISYNC 
controller sets the last bit, writes the message status bits into the BD, and clears the E-bit. 
Then it generates a maskable interrupt, indicating that a block of data has been received 
and Is in memory. Note that the SYNCs in the non-transparent mode or DLE-SYNC pairs 
in the transparent mode (i.e., an underrun condition) are not included in the BCS 
calculations. 

NOTE 

The receive FIFO width (RFW) bit in the GSMR must be set for 
an 8-bit receive FIFO for the BISYNC receiver. 

7.10.20.4 BISYNC MEMORY MAP. When configured to operate in BISYNC mode, the 
QUICC overlays the structure listed in Table 7-5 with the BISYNC-specific parameters 
described in Table 7-8. 



Table 7-8. BISYNC-Specific Parameters 



Address 


Name 


Width 


Description 


sec Base + 30 


RES 


Long 


Reserved 


sec Base -i- 34 


CRce 


Long 


CRC Constant Temp Value 


sec Base + 38 


PRCRC 


Word 


Preset Receiver CRCie/LRC 


SCO Base -i- 3A 


PTCRC 


Word 


Preset Transmitter CRCI G/LRC 


sec Base + 3C 


PAREC 


Word 


Receive Parity Error Counter 


sec Base -i- 3E 


BSYNC 


Word 


BISYNC SYNC Character 


sec Base -t- 40 


BDLE 


Word 


BISYNC OLE Character 


sec Base + 42 


CHARACTERI 


Word 


CONTROL Character 1 


sec Base + 44 


CHARACTER2 


Word 


CONTROL Character 2 


see Base -i- 46 


CHARACTERS 


Word 


CONTROL Character 3 


see Base + 48 


CHARACTER4 


Word 


CONTROL Character 4 


see Base -i- 4A 


CHARACTERS 


Word 


CONTROL Character 5 


see Base + 4C 


CHARACTERS 


Word 


CONTROL Character 6 


see Base + 4E 


CHARACTER? 


Word 


CONTROL Character 7 


see Base + 50 


CHARACTERS 


Word 


CONTROL Character 8 


see Base + 52 


RCCM 


Word 


Receive Control Character Mask 



NOTE: Boldfaced items should be initialized by the user. 
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PRCRC and PTCRC. These value should be preset to all ones or all zeros, depending on 
the BCS used. 

PAREC. This 16-bit (modulo 216) counter is maintained by the CP. It may be initialized by 
the user while the channel is disabled. The counter counts parity errors on receive If the 
parity feature of BISYNC is enabled. 

BSYNC. This register contains the value of the SYNC to be transmitted in an underrun 
condition, transmitted as the second byte of a DLE-SYNC pair, and stripped from 
incoming data on receive once the receiver has synchronized to the data using the DSR 
and SYN1-SYN2 pair. 

BDLE. This register contains the value to be transmitted as the first byte of a DLE-SYNC 
pair and stripped on receive. 

CHARACTER1-8. These values represent control characters that may be recognized by 
the BISYNC controller. 

RCCM. This value is used to mask the comparison of CHARACTER1-8 so that classes of 
control characters may be defined. A one enables the bit comparison and a zero masks It. 

The CPU32+ core configures each SCC to operate in one of the protocols by the MODE 
bits in the GSMR. The SYN1-SYN2 synchronization characters are programmed in the 
data synchronization register. 

The BISYNC controller uses the same basic data structure as that used in the other 
modes. Receive and transmit errors are reported through their respective BDs. The status 
of the line is reflected via the port C pins, and a maskable interrupt can be generated upon 
each status change. 

There are two basic ways of handling the BISYNC channels. First, data may be inspected 
on a per-byte basis, with the BISYNC controller interrupting the CPU32+ core upon receipt 
of every byte of data. Second, the BISYNC controller may be operated so that software is 
only necessary for handling the first two to three bytes of data; subsequent data (until the 
end of the block) can be handled by the BISYNC controller without interrupting the 
CPU32+ core. 

7.10.20.5 BISYNC COMMAND SET. The following transmit and receive commands are 
issued to the CR. 

7.10.20.5.1 Transmit Commands. The following paragraphs describe the BISYNC 
transmit commands. 

STOP TRANSMIT Command. After a hardware or software reset and the enabling of the 
channel in the SCC mode register, the channel is in the transmit enable mode and starts 
polling the first BD in the table every 64 transmit clocks (immediately if the TOD bit in the 
TODR is set). 
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The STOP TRANSMIT command aborts transmission after a maximum of 64 additional 
bits are transmitted, without waiting until the end of the buffer Is reached, and the transmit 
FIFO Is flushed. The TBPTR is not advanced. No new BD Is accessed, and no new 
buffers are transmitted for this channel. SYNC characters consisting of SYNC-SYNC or 
DLE-SYNC pairs (according to the transmitter mode) will be continually transmitted until 
transmission is reenabled by issuing the RESTART TRANSMIT command. The STOP 
TRANSMIT command may be used when it Is necessary to abort transmission and 
transmit an EOT control sequence. The EOT sequence should be the first buffer 
presented to the BISYNC controller for transmission after reenabling transmission. 

NOTE 

The BISYNC controller will remain in the transparent or normal 
mode after receiving the STOP TRANSMIT or RESTART 
TRANSMIT commands. 

GRACEFUL STOP TRANSMIT Command. The channel GRACEFUL STOP TRANSMIT 
command Is used to stop transmission in an orderly way rather than abruptly, as 
performed by the regular STOP TRANSMIT command. It stops transmission after the 
current frame has completed transmission, or immediately If there is no frame being 
transmitted. The GRA bit In the SCCE will be set once transmission has stopped. After 
transmission ceases, the BISYNC transmit parameters, including BDs, may be modified. 
The TBPTR will point to the next Tx BD in the table. Transmission will begin once the R-bit 
of the next BD is set and the RESTART TRANSMIT command is issued. 

RESTART TRANSMIT Command. The RESTART TRANSMIT command enables the 
transmission of characters on the transmit channel. This command Is expected by the 
BISYNC controller after a STOP TRANSMIT command, after a STOP TRANSMIT 
command and disabling the channel in its SCC mode register, after a GRACEFUL STOP 
TRANSMIT command, or after a transmitter error (underrun or CTS lost). The BISYNC 
controller will resume transmission from the current TBPTR in the channel's Tx BD table. 

INIT TX PARAMETERS Command. Initializes ail the transmit parameters in this serial 
channel's parameter RAM to their reset state. This command should only be Issued when 
the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS command may 
also be used to reset both transmit and receive parameters. 

7.10.20.5.2 Receive Commands. The following paragraphs describe the BISYNC receive 
commands. 

RESET BCS CALCULATION Command. The RESET BCS CALCULATION command 
resets the receive BCS accumulator immediately. For example. It may be used to reset 
the BCS after recognizing a control character (such as SOH), signifying that a new block 
is commencing. 

ENTER HUNT MODE Command. After a hardware or software reset and the enabling of 
the channel in the SCC mode register, the channel is in the receive enable mode and will 
use the first BD in the table. 
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The ENTER HUNT MODE command is used to force the BISYNC controller to abort 
reception of the current block and enter the hunt mode. In the hunt mode, the BISYNC 
controller continually scans the input data stream for the SYN1-SYN2 sequence as 
programmed in the data synchronization register. After receiving the command, the 
current receive buffer is closed, and the BCS is reset. Message reception continues using 
the next BD. 

CLOSE Rx BD Command. The CLOSE Rx BD command Is used to force the SCO to 
close the current Rx BD, if it is currently being used, and to use the next BD for any 
subsequent data that is received. If the SCC is not in the process of receiving data, no 
action is tal<en by this command. 

INIT RX PARAMETERS Command. This command initializes all the receive parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 

7.10.20.6 BISYNC CONTROL CHARACTER RECOGNITION. The BISYNC controller can 
recognize special control characters. These characters are used to customize the BISYNC 
protocol implemented by the BISYNC controller and may be used to aid its operation in a 
DMA-oriented environment. Their main use is for receive buffers longer than one byte. In 
single-byte buffers, each byte can easily be inspected, and control character recognition 
should be disabled. 

The purpose of the control characters table is to enable automatic recognition (by the 
BISYNC controller) of the end of the current blocl<. Since the BISYNC controller imposes 
no restrictions on the format of the BISYNC blocl<s, user software must respond to the 
received characters and inform the BISYNC controller of mode changes and certain 
protocol events (e.g., resetting the BCS). However, correct use of the control characters 
table allows the remainder of the blocl< to be received without interrupting the user 
software. 

Up to 8 control characters may be defined. These characters infomi the BISYNC controller 
that the end of the current block has been reached and whether a BCS is expected 
following this character. For example, the end of text (ETX) character implies an end of 
block (ETB) with a subsequent BCS. An enquiry (ENQ) character designates an end of 
block without a subsequent BCS. All the control characters are written into the data buffer. 

The BISYNC controller uses a table of 16-bit entries to support control character 
recognition. Each entry consists of the control character, an end-of-table bit, a BCS 
expected bit, and a hunt mode bit. The RCCM entry is used to define classes of control 
characters with a masking option. 
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15 



14 



13 12 



11 



10 



OFFSET + 
OFFSET + 2 
OFFSET + 4 
OFFSET + 6 



OFFSET + E 
OFFSET +10 



E 


B 


H 




CHARACTER1 


E 


B 


H 




CHARACTER2 


E 


B 


H 




CHARACTERS 


E 


B 


H 




CHARACTER4 


• 
• 


E 


B 


H 




CHARACTERS 


1 


1 


1 




MASK VALUE(RCCM) 




E— End of Table 

= This entry is valid. The lower eight bits will be checked against the Incoming 

character. 

1 = The entry is not valid. No valid entries exist beyond this entry. 

NOTE 

In tables with 8 control characters, the E-bit should be zero in 
all eight positions. 

B— BCS Expected 

= The character is written into the receive buffer. The buffer is then closed. 

1 = The character is written into the receive buffer. The receiver waits for one LRC or 

two CRC bytes of BCS and then closes the buffer. This should be used for ET^, 
ETX, and ITB. 

NOTE 

A maskable interrupt is generated after the buffer is closed. 



H— HUNT MODE 

= The BISYNC controller will maintain character synchronization after closing this 

buffer. 

1 = The BISYNC controller will enter hunt mode after closing the buffer. When the B 

bit is set, the controller will enter hunt mode after the reception of the BCS. 

CHARACTER1 -8— Control Character Value 
These fields define control characters. 

NOTE 

When using 7-bit characters with parity, the parity bit should be 
included in the control character value. 
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RCCM— Received Control Character Mask 
The value in this register Is used to masl< the comparison of CHARACTER1-8. The 
lower eight bits of RCCM correspond to the lower eight bits of CHARACTER 1-8, and 
are decoded as follows. 

= Masl< this bit in the comparison of the incoming character and CHARACTER1-8. 

1 = The address comparison on this bit proceeds normally. No masking occurs. 

NOTE 

Bits 15 through 13 of RCCM must be set, or erratic operation 
may occur during the control character recognition process. 

7.10.20.7 BSYNC-BISYNC SYNC REGISTER. The 16-bit, memory-mapped, read-write 
BSYNC register is used to define the BiSYNC stripping and Insertion of the SYNC 
character. When an underrun occurs during message transmission, the BiSYNC controller 
will insert SYNC characters until the next data buffer is available for transmission. When 
the BISYNC receiver is not in hunt mode and a SYNC character has been received, the 
receiver will discard this character if the valid bit is set. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 10 



V 





SYNC 




NOTE 

When using 7-bit characters with parity,. the parity bit should be 
included in the SYNC register value. 

7.10.20.8 BDLE-BISYNC DLE REGISTER. The 16-bit, memory-mapped, read-write 
BDLE register is used to define the BISYNC stripping and insertion of the DLE character. 
When the BISYNC controller is in transparent mode and an underrun occurs during 
message transmission, the BISYNC controller inserts DLE-SYNC pairs until the next data 
buffer is available for transmission. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



V 





DLE 



When the BISYNC receiver is in transparent mode and a DLE character is received, the 
receiver discards this character and excludes it from the BCS if the valid bit is set. If the 
second (next) character is a SYNC character, the BISYNC controller discards it and 
excludes it from the BCS. If the second character is a DLE, the BISYNC controller will 
write it to the buffer and include it in the BCS. If the character is not a DLE or SYNC, the 
BISYNC controller will examine the control characters table and act accordingly. If the 
character is not in the table, the buffer will be closed with the DLE follow character error 
(DLE) bit set. If the valid bit is not set, the receiver will treat the character as a normal 
character. 

NOTE 

When using 7-bit characters with parity, the parity bit should be 
included in the DLE register value. 
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7.10.20.9 TRANSMITTING AND RECEIVING THE SYNCHRONIZATION SEQUENCE. 

The BISYNC channel can be programmed to transmit and receive a synchronization 
pattern. The pattern is defined in the DSR. The length of the SYNC pattern is defined in 
the SYNL bits in the GSMR. The receiver synchronizes on the synchronization pattem that 
is located in the DSR. If the SYNL bits specify a non-zero synchronization pattern, then 
the transmitter sends the entire contents of the DSR prior to each frame, starting with the 
LSB first. Thus, the user may wish to repeat the desired SYNC pattern In the other DSR 
bits as well. 
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7.10.20.10 BISYNC ERROR-HANDLING PROCEDURE. The BISYNC controller reports 
message reception and transmission error conditions using the channel BDs, the error 
counters, and the BISYNC event register. The modem interface lines can also be directly 
monitored via the port C pins. 

7.10.20.10.1 Transmission Errors. The following paragraphs describe various types of 
BISYNC transmission errors. 

Transmitter Underrun. When this error occurs, the channel terminates buffer transmission, 
closes the buffer, sets the UN bit in the BD, and generates the TXE interrupt (if enabled). 
The channel resumes transmission after the reception of the RESTART TRANSMIT 
command. Underrun cannot occur between frames or during a DLE-XXX pair in 
transparent mode. 

CTS Lost During Message Transmission. When this error occurs, the channel terminates 
buffer transmission, closes the buffer, sets the CTS lost bit in the BD, and generates the 
TXE interrupt (if enabled). The channel will resume transmission after reception of the 
RESTART TRANSMIT command. 

7.10.20.10.2 Reception Errors. The following paragraphs describe vanous types of 
BISYNC reception errors. 

Overrun Error. The BISYNC controller maintains an internal FIFO for receiving data. The 
CP begins programming the SDMA channel (if the data buffer is in external memory) and 
updating the CRC when the first byte is received Into the FIFO. If a FIFO overrun occurs, 
the BISYNC controller writes the received data byte to the internal FIFO over the 
previously received byte. The previous character and its status bits are lost. Following this, 
the channel closes the buffer, sets the OV-bit in the BD, and generates the RX interrupt (if 
enabled). The receiver then enters hunt mode immediately. 
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CD Lost During Message Reception. When tliis error occurs, the channel terminates 
message reception, closes the buffer, sets the carrier detect lost bit in the BD, and 
generates the RX interrupt (if enabled). This error has the highest priority; the rest of the 
message is lost, and no other errors are checked in the message. The receiver then 
enters hunt mode immediately. 

Parity Error. When this error occurs, the channel writes the received character to the 
buffer and sets the PR bit in the BD. The channel terminates message reception, closes 
the buffer, sets the PR bit in the BD, and generates the RX interrupt (if enabled). The 
channel also increments the PAREC, and the receiver enters hunt mode immediately. 

CRC Error. The channel updates the CR bit in the BD every time a character is received 
with a byte delay (eight serial clocks) between the status update and the CRC calculation. 
When using control character recognition to detect the end of the block and cause the 
checking of the CRC that follows, the channel closes the buffer, sets the CR bit In the BD, 
and generates the RX Interrupt (if enabled). 

7.10.20.11 BISYNC MODE REGISTER (PSMR). Each BISYNC mode register is a 16-bit, 
memory-mapped, read-write register that controls SCC operation. The term BISYNC 
mode register refers to the PSMR of the SCC when that SCC is configured for BISYNC 
mode. This register is cleared at reset. Some of the PSMR bits can be modified on the fly 
(i.e., while the receiver and transmitter are enabled). 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 




NOS 


CRC 


RBCS 


RTR 


RVD 


DRT 


- 


RPM 


TPM 



NOS— Minimum Number of SYNCs Between or Before Messages 

If NOS3-NOS0 = 0000, then 1 SYN1-SYN2 pair will be transmitted; If NOS3-NOS0 = 
1111, then 16 SYN1-SYN2 pairs will be transmitted. The SYN1-SYN2 pair Is defined in 
the DSR. The entire SYN1-SYN2 pair will always be transmitted regardless of the 
setting of the SYNL bits In the GSMR. The NOS bits may be modified on the fly. 

CRC— CRC Selection 

00= Reserved. 

01 = CRC1 6 (BISYNC). (X16 + X15 + X2 + 1). The PRCRC and PTCRC registers 
should be initialized to a preset value of all zeros or all ones before the channel 
is enabled. In both cases, the transmitter sends the calculated CRC non- 
inverted, and the receiver checks the CRC against zero. Eight-bit data 
characters (without parity) are configured when CRC16 Is chosen. 

10= Reserved 

1 1 = LRC (sum check). (BISYNC). For even LRC, the PRCRC and PTCRC registers 
should be initialized to zero before the channel is enabled. For odd LRC, the 
PRCRC and PTCRC registers should be initialized to ones. 
The receiver will check character parity when BCS is programmed to LRC and 
the receiver is not in transparent mode. The transmitter will transmit character 
parity when BCS Is programmed to LRC and the transmitter is not in transparent 
mode. Use of parity in BISYNC assumes the use of 7-bit data characters. 
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RBCS — Receive Block Check Sequence 
The BISYNC receiver internally stores two BCS calculations with a byte delay (eight 
serial clocks) between them. This enables the user to examine a received data byte and 
then decide whether or not it should be part of the BCS calculation. This is useful when 
control character recognition and stripping are to be performed in software. The bit 
should be set (or reset) within the time taken to receive the following data byte. When 
this bit is reset, the BCS calculations exclude the latest fully received data byte. When 
RBCS is set, the BCS calculations continue normally. 

= Disable receive BCS 

1 = Enable receive BCS 

RTR — Receiver Transparent Mode 

= The receiver is placed in normal mode with SYNC stripping and control character 

recognition operative. 

1 = The receiver is placed in transparent mode. SYNCs, DLEs, and control 

characters are only recognized after a leading DLE character. The receiver will 
calculate the CRC1 6 sequence, even if it is programmed to LRC while in 
transparent mode. PRCRC should be initialized to the CRC16 preset value 
before setting this bit. 

RVD— Reverse Data 

= Normal operation. 

1 = Any portion of this SCC that is defined to operate in BISYNC mode (either the 

receiver or transmitter or both) will operate by reversing the character bit order, 
transmitting the MSB first. 

DRT— Disable Receiver While Transmitting 

= Normal operation. 

1 = While data is b eing transmitted by the SCC, the receiver is disabled, being gated 

by the internal RTS signal. This is useful if the BISYNC channel is being 
configured onto a multidrop line, and the user does not wish to receive his own 
transmission. Note that although BISYNC is usually implemented as a half- 
duplex protocol, the receiver is not actually disabled during transmission. Thus, 
for typical BISYNC operation, DRT should not be set. 

Bits 5-4 — Reserved 
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RPM — Receiver Parity Mode 

Tiie RPIVI bits select the type of parity cliecl< to be performed by the receiver. The RPIVI 
bits can be modified on the fly. The RPM bits are ignored unless the CRC bits are 
selected to be LRC. 

00 = Odd Parity 

01 = Low Parity (always check for a zero in the parity bit position) 
10= Even Parity 

1 1 = High Parity (always check for a one in the parity bit position) 

When odd parity is selected, the transmitter will count the number of ones in the data 
word. If the total number of ones is not an odd number, the parity bit is set to one and 
thus produces an odd number. If the receiver counts an even number of ones, an error 
in transmission has occurred. In the same manner, for even parity, an even number 
must result from the calculation performed at both ends of the line. In high/low parity, if 
the parity bit is not high/low, a parity error is reported. The receive parity errors cannot 
be disabled, but can be ignored if desired. 

TPM — Transmitter Parity Mode 

The TPM bits select the type of parity to be performed by the transmitter. The TPM bits 
can be modified on the fly. The TPM bits are ignored unless the CRC bits are selected 
to be LRC. 

00 = Odd Parity 

01 = Force Low Parity (always send a zero in the parity bit position) 
10= Even Parity 

1 1 = Force High Parity (always send a one in the parity bit position) 

7.10.20.12 BISYNC RECEIVE BUFFER DESCRIPTOR (Rx BD). The CP reports 
information about the received data for each buffer using BDs. The CP closes the current 
buffer, generates a maskable interrupt, and starts to receive data into the next buffer after 
one of the following events: 

1 . Receiving a user-defined control character 

2. Detecting an error 

3. Detecting a full receive buffer 

4. Issuing the ENTER HUNT MODE command 

5. Issuing the CLOSE Rx BD command 
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NOTE: Entries in boldface must be initialized by the user. 
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E — Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this Rx BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 14, 8, 6, 5— Resen/ed 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Rx BD table. 

1 = This is the last BD in the Rx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BDs in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt Is generated after this buffer has been used. 

1 = The RX bit in the BISYNC event register will be set when this buffer has been 

closed by the BISYNC controller. The RX bit can cause an interrupt if It is 
enabled. 

C— Control Character 
The last byte in the buffer is a user-defined control character. 

= The last byte of this buffer does not contain a control character. 

1 = The last byte of this buffer contains a control character. 

B— BCS Received 
The last bytes in the buffer contain the received BCS. 

= This buffer does not contain the BCS. 

1 = This buffer contains the BCS. A control character may also reside one byte prior 

to this BCS. 

CM— Continuous Mode 
0= Normal operation. 

1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 
data buffer to be overwritten automatically when the CP next accesses this BD. 
However, the E-bit will be cleared if an error occurs during reception, regardless 
of the CM bit. 
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DE— DPLL Error 

This bit is set by the BISYNC controller when a DPLL error has occurred during the 
reception of this buffer. In decoding modes where a transition is promised every bit, the 
DPLL error will be set when a missing transition has occurred. 

DL— DLE Follow Character Error 
While in transparent mode, a DLE character was received, and the next character was 
not DLE, SYNC, or a valid entry in the control characters table. 

PR — Parity Error 
A character with a parity error was received and is the last byte of this buffer. 

CR— BCS Error 
CR is updated every time a byte is written into the buffer. The CR bit includes the 
calculation for the current byte. By clearing the RBCS bit in the BISYNC mode register 
within eight serial clocks, the user can exclude the current character from the message 
BCS calculation. 

OV — Overrun 
A receiver overrun occurred during message reception. 

CD — Carrier Detect Lost 
The carrier detect signal was negated during message reception. 

Data Length 
The data length is the number of octets that the CP has written into this BD's data 
buffer, including the BCS (if selected). In BISYNC mode, the data length should initially 
be set to zero by the user; it is incremented each time a received character is written to 
the data buffer. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 

Rx Data Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated 
data buffer, may be even or odd. The buffer may reside in either internal or external 
memory. 
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7.10.20.13 BISYNC TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data is presented to 
the OP for transmission on an SCO channel by arranging it in buffers referenced by the 
channel's Tx BD table. The OP confirms transmission or Indicates error conditions using 
the BDs to inform the processor that the buffers have been serviced. 

The status and control bits are prepared by the user before transmission and are set by 
the OP after the buffer has been transmitted. 
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UN 


CT 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 
OFFSET + 6 


TX DATA BUFFER POINTER 




NOTE: Entries in boldface must be initialized by the user. 

R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The OP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

Bits 14, 4-2— Reserved 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Tx BD table. 

1 = This is the last BD in the Tx BD table. After this buffer has been used, the CP will 
receive Incoming data into the first BD in the table (the BD pointed to by TBASE). 
The number of Tx BDs in this table is programmable, and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt is generated after this buffer has been serviced. 

1 = Either TX or TXE in the BISYNC event register will be set when this buffer has 

been serviced by the CP, which can cause an interrupt. 

L— Last in Message 

= The last character in the buffer is not the last character in the current block. 

1 = The last character in the buffer Is the last character in the current block. The 

transmitter will enter (remain in) normal mode after sending the last character in 
the buffer and the BCS (if enabled). 
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TB— Transmit BCS 
This bit is vaiid only when the L-bit Is set. 

= Transmit the SYN1-SYN2 sequence or idle (according to the RTSM bit in the 

GSMR) after the last character in the buffer. 

1 = Transmit the BCS sequence after the last character. The BISYNC controller will 

also reset the BCS generator after transmitting the BCS. 

CM — Continuous Mode 

= Normal operation. 

1 = The R-bit Is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be retransmitted automatically when the CP next accesses this BD. 
However, the R-bit will be cleared if an error occurs during transmission, 
regardless of the CM bit. 

BR— BCS Reset 

= The transmitter BCS accumulation is not reset. 

1 = The transmitter BCS accumulation is reset (used for STX or SOH) before 

sending the data buffer. 

TD— Transmit DLE 

= No automatic DLE transmission is to occur before the data buffer. 

1 = The transmitter will transmit a DLE character before sending the data buffer, 

which saves writing the first DLE to a separate data buffer when working in 
transparent mode. See the TR bit for information on control characters. 

TR — Transparent Mode 

= The transmitter will enter (remain in) the normal mode after sending the data 

buffer. In this mode, the transmitter will automatically insert SYNCs in an 
underrun condition. 

1 = The transmitter enters or remains In transparent mode after sending the data 

buffer. In this mode, the transmitter automatically inserts DLE-SYNC pairs In the 
underrun condition. Underrun occurs when the BISYNC controller finishes a 
buffer with the L-bIt set to zero and the next BD Is not available. The transmitter 
also checks all characters before sending them; If a DLE Is detected, another 
DLE is automatically sent. The user must insert a DLE or program the BISYNC 
controller to Insert It (using TD) before each control character required. The 
transmitter will calculate the CRC16 BCS even If the BCS bit in the BISYNC 
mode register is programmed to LRC. The PTCRC should be initialized to 
CRC1 6 before setting this bit. 
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B— BCS Enable 

= Buffer consists of characters to be excluded from the BCS accumulation. 

1 = Buffer consists of characters to be included in the BCS accumulation. 

The following status bits are written by the CP after it has finished transmitting the 
associated data buffer. 

UN — Underrun 
The BISYNC controller encountered a transmitter underrun condition while transmitting 
the associated data buffer. 

CT— CTS Lost 
CTS was lost during message transmission. 

Data Length 

The data length is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CP. The data length should be greater than zero. 

Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first byte of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

7.10.20.14 BISYNC EVENT REGISTER (SCCE). The SCCE is called the BISYNC event 
register when the SCC is operating as a BISYNC controller. It Is a 16-bit register used to 
report events recognized by the BISYNC channel and to generate interrupts. On 
recognition of an event, the BISYNC controller will set the corresponding bit in the 
BISYNC event register. Interrupts generated by this register may be masked in the 
BISYNC mask register. 

The BISYNC event register is a memory-mapped register that may be read at any time. A 
bit is reset by writing a one (writing a zero does not affect a bit's value). More than one bit 
may be reset at a time. All unmasked bits must be reset before the CP will negate the 
internal interrupt request signal. This register is cleared at reset. 



- 


GLr 


GLt 


DCC 


- 


- 


GRA 


- 


- 


TXE 


RCH 


BSY 


TX 


RX 



Bits 15-13, 9, 8, 6, 5— Reserved 

GLr— Glitch on Rx 
A clock glitch was detected by this SCC on the receive clock. 

GLt— Glitch on Tx 
A clock glitch was detected by this SCC on the transmit clock. 
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DCC— DPLL CS Changed 

The carrier sense status as generated by the_pPLL has changed state. The real-time 
status may be found In SCCS. This Is not the CD pin status that is discussed elsewhere; 
It Is only valid when the DPLL is used. 

GRA— Graceful Stop Complete 
A graceful stop, which was initiated by the GRACEFUL STOP TRANSMIT command, is 
now complete. This bit Is set as soon the transmitter has finished transmitting any 
message that was in progress when the command was Issued. It will be set immediately 
if no message was In progress when the command was issued. 

TXE— Tx Error 
An error (CTS lost or underrun) occurred on the transmitter channel. 

RCH— Receive Character 
A character has been received and written to the buffer. 

BSY— Busy Condition 

A character was received and discarded due to lack of buffers. The receiver will resume 
reception after an ENTER HUNT MODE command. 

TX— Tx Buffer 

A buffer has been transmitted. This bit Is set as the last bit of data or the BCS (if sent) 
begins transmission. 

RX— Rx Buffer 
A receive buffer has been closed by the CP on the BISYNC channel. 

7.10.20.15 BISYNC MASK REGISTER (SCCM). The SCCM is referred to as the BISYNC 
mask register when the SCC Is operating as a BISYNC controller. It is a 16-blt read-write 
register that has the same bit format as the BISYNC event register. If a bit In the BISYNC 
mask register is a one, the corresponding interrupt in the event register will be enabled. If 
the bit Is zero, the corresponding Interrupt in the event register will be masked. This 
register Is cleared upon reset. 
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7.10.20.16 sec STATUS REGISTER (SCCS). The SCCS is an 8-bit read-only register 
that allows t he us er to monitor real-time status conditions on the RXD line. The real-time 
status of the CTS and CD pins are part of the port C parallel I/O. 
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CS— Carrier Sense (DPLL) 

This bit shows the real-time carrier sense of the line as determined by the DPLL if it is 
used. 

= The DPLL does not sense a carrier. 

1 = The DPLL does sense a carrier. 

7.10.20.17 PROGRAMMING THE BISYNC CONTROLLER. There are two general 
techniques that the software may employ to handle data received by the BISYNC 
controllers. The simplest way is to allocate single-byte receive buffers, request (in the 
status word in each BD) an interrupt on reception of each buffer (i.e., byte), and implement 
the BISYNC protocol entirely in software on a byte-by-byte basis. This simple approach is 
flexible and may be adapted to any BISYNC implementation. The obvious penalty is the 
overhead caused by interrupts on each received character. 

A more efficient method is as follows. Multibyte buffers are prepared and linked to the 
receive buffer table. Software is used to analyze the first two to three bytes of the buffer to 
determine what type of block is being received. When this has been determined, reception 
can continue without further intervention from the user's software until a control character 
is encountered. The control character signifies the end of the block, causing the software 
to revert back to a byte-by-byte reception mode. 

To accomplish this, the RCH bit in the BISYNC mask register should initially be set, 
enabling an interrupt on every byte of data received to allow software to analyze the type 
of block being received on a byte-by-byte basis. After analyzing the initial characters of a 
block, the user should either set the RTR bit in the BISYNC mode register or issue the 
RESET BCS CALCULATION command. For example, if DLE-STX is received, transparent 
mode should be entered. By setting the appropriate bit in the BISYNC mode register, the 
BISYNC controller automatically strips the leading DLE from <DLE-character> sequences. 
Thus, control characters are only recognized when they follow a DLE character. The RTR 
bit should be cleared after a DLE-ETX is received. 

Alternatively, after receiving an SOH, the RESET BCS CALCULATION command should 
be issued. This command causes the SOH to be excluded from BCS accumulation and 
the BCS to be reset. Note that the RBCS bit in the BISYNC mode register (used to 
exclude a character from the BCS calculation) is not needed here since SYNCs and 
leading DLEs (in transparent mode) are automatically excluded by the BISYNC controller. 
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After recognizing the type of block above, the RCH interrupt should be masked. Data 
reception then continues without further Interruption of the CPU32+ core until the end of 
the current block Is reached. This Is defined by the reception of a control character 
matching that programmed In the receive control characters table. 

The control characters table should be set to recognize the end of the block as follows: 



Control Characters 


E 


B 


H 


ETX 





1 


1 


ITB 





1 





ETB 





1 


1 


ENQ 











Next Entry 





X 


X 



After the end of text (ETX), a BCS Is expected; then the buffer should be closed. Hunt 
mode should be entered when the line turnaround occurs (BISYNC Is normally half- 
duplex). ENQ characters are used to abort transmission of a block. For the receiver, the 
ENQ character designates the end of the block, but no CRC Is expected. 

Following control character reception (I.e., end of the block), the RCH bit in the BISYNC 
mask register should be set, reenabling Interrupts for each byte of received data. 

7.10.20.18 sec BISYNC EXAMPLE. The following list Is an Initialization sequence for an 
sec BISYNC channel assuming an external cloc k Is provi ded. SCC4 is used. The 
BISYNC controller is configured with the RTS4, CTS4, and CD4 pins active. The CLK7 pin 
is used for both the BISYNC receiver and transmitter. 

1 . Configure the port A pins to enable the TXD4 and RXD4 pins. Write PAPAR bits 6 
and 7 with ones. Write PADIR bits 6 and 7 with zeros. Write PAODR bits 6 and 7 
with zeros. 




2. Configure the port C pins to enable RTS4, CTS4, and CD4. Write PCPAR bit 3 with 
one and bits 10 and 1 1 with zeros. Write PCDIR bits 3, 10, and 1 1 with zeros. 
Write peso bits 10 and 11 with ones. 

3. Configure port A to enable the CLK7 pin. Write PAPAR bit 14 with a one. Write 
PADIR bit 14 with a zero. 

4. Connect the CLK7 pin to SCC4 using the SI. Write the R4CS bits in SICR to 1 10. 
Write the T4CS bits In SICR to 1 1 0. 

5. Connect the SCC4 to the NMSI (I.e., Its own set of pins). Clear the SC4 bit 
in the SICR. 

6. Write RBASE and TBASE in the SCC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM, 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

7. Write RFCR with $18 and TFCR with $18 for normal operation. 

8. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 1 6 bytes, so MRBLR = $001 0. 
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9. Write PRCRC with $0000 to comply with CRC16. 

1 0. Write PTCRC with $0000 to comply with CRC1 6. 

1 1 . Clear PAREC for the sake of clarity. 

1 2. Write BSYNC with $8033, assuming a SYNC value of $33. 

13. Write BDLE with $8055, assuming a DLE value of $55. 

14. Write CHARACTER1-8 with $8000. They are not used. 

15. Write RCCM with $EOFF. It is not used. 

16. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 In main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required- 
done for Instructional purposes only). Write $00001000 to Rx_BD_Polnter. 

17. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 In main memory 
and contains five 8-blt characters. Write $BD20 to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

1 8. Write $FFFF to the SCCE to clear any previous events. 

19. Write $0013 to the SCCM to enable the TXE, TX, and RX interrupts. 

20. Write $08000000 to the CI MR to allow SCC4 to generate a system interrupt. (The 
CICR should also be initialized.) 

21 . Write $00000020 to GSMR_H4 to configure a small receive FIFO width. 

22. Write $00000008 to GSMR_L4 to configure the CTS and CD pins to automatically 
control transmission and reception (DIAG bits) and the BISYNC mode. Notice that 
the transmitter (ENT) and receiver (ENR) have not been enabled yet. 

23. Set the PSMR4 to $0600 to configure CRC16, CRC checking on receive, and 
normal operation (not transparent). 

24. Write $00000038 to GSMR_L4 to enable the SCC4 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 

7.10.21 Transparent Controller 

The transparent controller allows the transmission and reception of serial data over an 
sec without any modification to that data stream. Transparent mode provides a clear 
channel on which no bit-level manipulation Is performed by the SCO. Any protocol run 
over transparent mode is performed in software. The job of an SCO in transparent mode Is 
to function simply as a high-speed serial-to-parallel and parallel-to-serial converter. This 
mode is also referred to as "totally transparent" or "promiscuous" operation. 

There are several basic applications for transparent mode. First, some data may need to 
be moved serially, but requires no protocol superimposed — ^for example, voice data. 
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Second, some board-level applications require a serial-to-parallel and parallel-to-serial 
conversion. Often tliis Is done to allow communication between chips on the same board. 
Third, some applications require the switching of data without interfering with the protocol 
encoding itself. For instance, in a multiplexer, data from a high-speed time-multiplexed 
serial stream is multiplexed into multiple low-speed data streams. The concept is to switch 
the data path, not alter the protocol encoded on that data path. 

By appropriately setting the GSMR, any of the SCC channels may be configured to 
function In transparent mode. The QUICC can both receive and transmit the entire serial 
bit stream transparently. This mode is configured by selecting the TTx and TRx bits in the 
In the GSMR for the transmitter and receiver, respectively. Both bits must be set for full- 
duplex transparent operation. 

If just one of the TTx or TRx bits is set, the other half of the SCC can operate with another 
protocol as programmed in the MODE bits of the GSMR. (This allows loopback modes to 
DMA data from one memory location to another while converting the data to a specific 
serial format.) 

The see in transparent mode can work with the TSA or NMSI. The SCC can support 
modem lines using the general-purpose I/O pins. The data can be transmitted and 
received with MSB or LSB first in each octet. 

The SCC in transparent mode consists of separate transmit and receive sections whose 
operations are asynchronous with the CPU32+ core and may be either synchronous or 
asynchronous with respect to the other SCCs. Each clock can be supplied from the 
internal baud rate generator bank, DPLL output, or external pins. 

7.10.21.1 TRANSPARENT CONTROLLER FEATURES. The transparent controller 
contains the following key features: 

• Flexible Data Buffers 

• Automatic SYNC Detection on Receive 

— 16-Bit Pattern 

— 8-Bit Pattern 

— 4-Bit Pattern 

— External Sync Pin Support 

• CRCs Can Optionally Be Transmitted and Received 

• Reverse Data Mode 

• Another Protocol Can Be Performed on the SCO's Other Half (Transmitter or 
Receiver) During Transparent Mode 

• MC68302-Compatible Sync Options 

7.10.21.2 TRANSPARENT CHANNEL FRAME TRANSMISSION PROCESSING. The 

transparent transmitter is designed to work with almost no intervention from the CPU32+ 
core. When this CPU32+ core enables the SCC transmitter in transparent mode, it will 
start transmitting Idles. The SCC polls the first BD in the transmit channel's BD table. 
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When there is a message to transmit, the SCC will fetch the data from memory, load the 
transmit FIFO, and wait for transmitter synchronization before starting to transmit the 
message. 




Transmitter synchronization can be achieved using the CTS pin or waiting for the receiver 
to achieve synchronization, depending on the RSYN bit in the GSMR. See 7.10.21.4 
Achieving Synchronization in Transparent Mode for more details. Once transmitter 
synchronization is achieved, transmission begins. 

When a BD's data has been completely transmitted, the last in message (L) bit is 
checked. If the L-bit is set, the SCC writes the message status bits into the BD and clears 
the R-bit. It will then start transmitting idles until the next BD is ready. (Even if the next BD 
is already ready, some idles will still be transmitted.) The transmitter will only begin 
transmission again after it achieves synchronization. 

When the end of the current BD has been reached and the L-bit is cleared (working in 
multibuffer mode), only the R-bit is cleared, and the transmitter moves immediately to the 
next buffer to begin it transmission, with no gap on the serial line between buffers. Failure 
to provide the next buffer in time results in a transmit underrun, causing the TXE bit In the 
transparent event register to be set. 

in both cases, an interrupt is issued according to the interrupt (I) bit in the BD. By 
appropriately setting the l-bit in each BD, interrupts can be generated after the 
transmission of each buffer or a after a group of buffers have been transmitted. The SCC 
will then proceed to the next BD in the table. 

Any whole number of bytes may be transmitted. If the REVD bit in the GSMR is set, each 
data byte will be reversed in its bit order before transmission, transmitting the MSB of 
each octet first. 

An option Is available to decrease the latency of the transmitter by decreasing the transmit 
FIFO size. This option is enabled by the TFL bit in the GSMR. The user, however, should 
note that this option can cause transmitter underruns at higher transmission speeds. 

An optional CRC may be appended to each transparent frame if enabled in the Tx BD. 
The CRC pattern is chosen in the TCRC bits in the GSMR. 

7.10.21.3 TRANSPARENT CHANNEL FRAI\AE RECEPTION PROCESSING. When the 
CPU32+ core enables the SCC receiver in transparent mode, It will wait to achieve 
synchronization before beginning to receive data. The receiver can be synchronized to the 
data by a synchronization pulse or by a SYNC pattern. See 7.10.21.4 Achieving 
Synchronization in Transparent Mode for more details. 

After a buffer is filled, the SCC clears the empty (E) bit in the BD and generates an 
interrupt if the interrupt (I) bit in the BD is set. It then moves to the next Rx BD in the table 
and begins moving data to its associated buffer. If the next buffer is not available when 
needed, a busy condition is signified by the setting of the BSY bit in the transparent event 
register, which can generate a maskable interrupt. 
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The receiver will revert to the hunt mode upon receiving the ENTER HUNT MODE 
command or recognizing an error condition such as a lack of receive buffers, detection of 
CD lost, or a receiver overrun. 

If the REVD bit In the GSMR Is set, each data byte will be reversed in Its bit order before It 
is written to memory. 

An option Is available to decrease the latency of the receiver by decreasing the receive 
FIFO width. This option Is enabled by the RFW bit In the GSMR. The user, however, 
should note that this option can cause receiver overruns at higher transmission speeds. 

The receiver always checks the CRC of the frame that is received, according to the TCRG 
bits In the GSMR. If a CRC is not required, the resulting errors may be ignored. 

7.10.21.4 ACHIEVING SYNCHRONIZATION IN TRANSPARENT MODE. Once the SCO 
transmitter Is enabled for transparent operation in the GSMR, the Tx BD is prepared for 
the sec, and the transmit FIFO has been preloaded by the SOMA channel, one additional 
process must occur before data can be transmitted — i.e., transmit synchronization. 

Similarly, once the SCO receiver is enabled for transparent operation In the GSMR and 
the Rx BD is made empty for the SCO, one additional process must occur before data can 
be received— receive synchronization. 

The synchronization process gives the user bit-level control over when the transmission 
and reception can begin. There are two basic methods: an in-line synchronization pattern 
and extemal synchronization signals. 

7.10.21.4.1 In-Line Synchronization Pattern. The transparent channel can be 
programmed to transmit and receive a synchronization pattern if the SYNL bits in the 
GSMR are non-zero. The pattern is defined in the DSR. The length of the SYNC pattern is 
defined in the SYNL bits In the GSMR. 
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16-BIT SYNC 



The receiver synchronizes on the synchronization pattern that Is located in the DSR. For 
instance, if a 4-bit SYNC Is selected, then reception begins as soon as these four bits are 
received, beginning with the first bit following the 4-bit SYNC. 

The transmitter can synchronize on the receiver pattern if the RSYN bit in the GSMR Is 
set. This effectively links the transmitter synchronization to the receiver synchronization. 
Regardless of the transmitter synchronization method. If the SYNL bits specify a non-zero 
synchronization pattern length, then the transmitter sends the entire contents of the DSR 
prior to each transparent frame, starting with bit of DSR. Thus, the user may wish to 
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write the desired SYNC pattern in the other DSR bits as well, so that the transmitter will 
only transmit SYNC patterns prior to the data. 

7.10.21.4.2 External Synchronization Signals. If the SYNL bits in the G SMR are 
programmed to 00, an external signal is used to begin the sequence. The CTS pin is used 
for the transmitter, and the CD pin is used for the receiver. The CD and CTS pins share 
two options: the pulse option and the sampling option. 




The pulse option determines whether the CD pin or CTS pins n eed only be asserted once 
to begin reception/transmission or whether the CD pin or CTS pins must be asserted and 
stay asserted for the duration of the transparent frame. This is controlled by the CDP and 
CTSP bits in the GSMR. If the user expects a continuous stream of data without 
interruption, then the pulse operation should be used. However, if the user i s tryin g to 
Identify frames of transparent data, then the envelope mode of the CD and CTS pins 
should be used. 

NOTE 

The MC68302 transparent mode offered the EXSYN bit, which, 
when set, gave the pulse behavior. 



The sampling option determines the de lay b etween CD and CTS being asserted and the 
resulting action by the SCC. The CD or CTS pins may be assumed to be asy nchronous to 
the data and then internally synchronized by the SCC, or the CD or CTS pins may be 
assu med to be synchronous to the data giving faster operation. This option allows the 
RTS pin of one SCC to be connected to the CD pin of another SCC (on another QUICC) 
and to have the data synchronized and bit aligned. 

NOTE 

The MC68302 transparent mode only offered the 
asynchronous option. 

Diagrams for the pulse/envelope and sampling options may be found in 7.10.11 SCC 
Timing Control. 

Lastly, an option exists to link the transmitter synchronization to the receiver 
synchronization. 

7.10.21.4.3 Transparent Synchronization Example. Figure 7-64 shows an example of 
synchronization using external signals. 
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QUICC1 






QUICC2 


TXD 

RTS 

BRGOx 

RXD 

CD 

CLKx 






RXD 

CD 

CLKx 

TXD 
RTS 
BRGOx 

















NOTES: 

1 . Each QUICC generates its own transmit cloci<s. If the transmit and receive cloclcs are the same, it is possible for one 
QUICC to generate transmit and receive clocks for the other QUICC (for example, CLKx on QUICC 2 could be used to 
clocl< the transmitter and receiver). 



IMMMUMMUMUUMU™ 



l^' 



FIRST BIT OF FRAME DATA 



LAST BIT OF FRAME DATA OR CRC 



BRGOx 

(OUTPUT 

IS CLKx 

INPUT) 

TXD 

(OUTPUT 

IS RXD 

INPUT) 

RTS 

(OUTPUT 

IS CD 

INPUT) 



L = 1INTXBDCAUSES 
NEGATION OF RTS CD LOST CONDITION 

TERMINATES RECEPTION 
OF FRAME 
NOTES: 

1 . CTS should be configured as always asserted in the port C parallel I/O or else connected to ground externally. 

2. The required GSIVIR configurations are: DIAQ = 00, CTSS = 1 , CTSP is a don't care, CDS = 1 , GDP = 0, TTX = 1 , and 
TRX » 1 . REVD and TCRC are application dependent. 

3. The transparent frame will contain a CRC if the TC bit is set in the Tx BD. 





Figure 7-64. Sending Transparent Frames Between QUICCs 

QUiC CI and QUICC2 excha nge transparent frames and synchronize each other using the 
RTS and CD p ins. The CTS pin is not required since transmission may begin at any time. 
Thus, the RTS signal is directly connected to the other QUICCs CD pin. The RSYN option 
in GSMR is not used, and transmission and reception from each QUICC are independent. 

7.10.21.5 TRANSPARENT l\AEI\/IORY IVIAP. When configured to operate in transparent 
mode, the QUICC overlays the structure listed in Table 7-5 with the transparent-specific 
parameters listed in Table 7-9. 



Table 7-9. Transparent-Specific Parameters 



Address 


Name 


Width 


Description 


sec Base + 30 


CRC_P 


Long 


CRC Preset for Totally Transparent 


SCO Base + 34 


CRC_C 


Long 


CRC Constant for Totally Transparent Receiver 



NOTE: The boldfaced items should be initialized by the user. 
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CRC_P. For the 16-bit CRC-CCITT, CRC_P should be initialized with $OOOOFFFF. For the 
32-bit CRC-CCITT, CRC_P should be initialized with $FFFFFFFF. For the CRC-16, 
CRC_P should be initialized with ones ($OOOOFFFF) or zeros ($00000000). 

CRC_C. For the 16-bit CRC-CCITT, CRC_C should be Initialized with $0000F0B8. For the 
32-bit CRC-CCITT, CRC_C should be initialized with $DEBB20E3. For the CRC-16 which 
is normally used with BISYNC, CRC_C should be initialized with $00000000. 

NOTE 

This value overlaps with the CRC constant (mask) for the 
HDLC-based protocols. This overlap is not detrimental since 
the CRC constant (mask) is only used for the receiver; thus, 
only one entry is required. Therefore, the user may choose 
HDLC transmitter with a transparent receiver or a transparent 
transmitter with an HDLC receiver. 

7.10.21.6 TRANSPARENT COMMAND SET. The following transmit and receive 
commands are issued to the CR. 

7.10.21.6.1 Transmit Commands. The following paragraphs describe the transparent 
transmit commands. 

STOP TRANSMIT Command. After a hardware or software reset and the enabling of the 
channel in the SCC mode register, the channel is in the transmit enable mode and starts 
polling the first BD in the table every 64 clocks (immediately if the TOD bit in the TODR Is 
set). 

The STOP TRANSMIT command disables the transmission of frames on the transmit 
channel. If this command Is received by the transparent controller during frame 
transmission, transmission of that buffer is aborted after a maximum of 64 additional bits 
are transmitted, and the transmit FIFO Is flushed. The TBPTR is not advanced, no new 
BD is accessed, and no new buffers are transmitted for this channel. The transmitter will 
send idles. 

GRACEFUL STOP TRANSMIT Command. The GRACEFUL STOP TRANSMIT command 
is used to stop transmission in an orderly way, rather than abruptly as performed by the 
regular STOP TRANSMIT command. It stops transmission after the current frame has 
completed transmission, or immediately if there is no frame being transmitted. (A 
transparent frame is not complete until a BD with the L-bit set has its associated buffer 
completely transmitted.) The GRA bit in the SCCE will be set once transmission has 
stopped. After transmission ceases, the transmit parameters, including BDs, may be 
modified. The TBPTR will point to the next Tx BD In the table. Transmission will begin 
once the R-bit of the next BD is set and the RESTART TRANSMIT command is Issued. 
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RESTART TRANSMIT Command. The RESTART TRANSMIT command reenables the 
transmission of characters on the transmit channel. This command is expected by the 
transparent controller after a STOP TRANSMIT command, after a STOP TRANSMIT 
command and disabling the channel In its SCO mode register, after a GRACEFUL STOP 
TRANSMIT command, or after a transmitter error (underrun or CTS lost). The HDLC 
controller will resume transmission from the current TBPTR in the channel's Tx BD table. 

INIT TX PARAMETERS Command. This command initializes all transmit parameters In 
this serial channel's parameter RAM to their reset state. This command should only be 
Issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.10.21.6.2 Receive Commands. The following paragraphs describe the transparent 
receive commands. 

ENTER HUNT MODE Command. After a hardware or software reset and the enabling of 
the channel In the SCC mode register, the channel is In the receive enable mode and will 
use the first BD in the table. 

The ENTER HUNT MODE command Is used to force the transparent receiver to abort 
reception of the current frame and enter the hunt mode. In the hunt mode, the transparent 
controller waits for the synchronization sequence. After receiving the command, the 
current receive buffer is closed. Further data reception will use the next BD. 

CLOSE Rx BD Command. The CLOSE Rx BD command Is used to force the SCC to 
close the Rx BD, if it is currently being used, and to use the next BD for any subsequent 
data that Is received. If the SCC is not in the process of receiving data, no action Is taken 
by this command. 

INIT RX PARAMETERS Command. This command initializes all the receive parameters In 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver Is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 

7.10.21.7 TRANSPARENT ERROR-HANDLING PROCEDURE. The SCC reports 
message reception and transmission error conditions using the channel BDs, the error 
counters, and the SCC event register. 

7.10.21.7.1 Transmission Errors. The following paragraphs describe various types of 
transmission errors. 

Transmitter Underrun. When this error occurs, the channel terminates buffer transmission, 
closes the buffer, sets the UN bit in the BD, and generates the TXE interrupt (If enabled). 
The channel resumes transmission after the reception of the RESTART TRANSMIT 
command. Underrun can occur after a transmit frame for which the L-bit In the Tx BD was 
not set. In this case, only the TXE bit Is set. Underrun cannot occur between transparent 
frames. 
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CTS Lost During Message Transmission. When this error occurs, the channel tenninates 
buffer transmission, closes the buffer, sets the CT bit in the BD, and generates the TXE 
Interrupt if It Is enabled. The channel will resume transmission after the reception of the 
RESTART TRANSMIT command. 

7.10.21.7.2 Reception Errors. The following paragraphs describe various types of 
reception errors. 

Overrun Error. The SCC maintains an internal FIFO for receiving data. The CP begins 
programming the SOMA channel (if the data buffer Is in external memory) and updating 
the CRC when 8 or 32 bits (according to the RFW bit in the GSMR) are received in the 
FIFO. If a FIFO overrun occurs, the SCC writes the received data byte to the intemal FIFO 
over the previously received byte. The previous character and its status bits are lost. 
Following this, the channel closes the buffer, sets the OV bit In the BD, and generates the 
RX interrupt (if enabled). The receiver then enters hunt mode immediately. 

CD Lost During Message Reception. When this error occurs, the channel terminates 
message reception, closes the buffer, sets the CD bit in the BD, and generates the RX 
Interrupt (if enabled). This error has the highest priority; the rest of the message Is lost, 
and no other errors are checked In the message. The receiver then enters hunt mode 
immediately. 

7.10.21.8 TRANSPARENT MODE REGISTER (PSMR). The PSMR is called the 
transparent mode register when an SCC is programmed for transparent mode. However, 
since all transparent mode selections are In the GSMR, this register is not used by the 
transparent controller. If transparent mode is only selected for the transmitter/receiver, 
then the transmitter/receiver may be programmed to support another protocol. In such a 
case, the PSMR may be used for that other protocol. 

7.10.21.9 TRANSPARENT RECEIVE BUFFER DESCRIPTOR (Rx BD). The CP reports 
information about the received data for each buffer using an Rx BD. The CP closes the 
current buffer, generates a maskable interrupt, and starts to receive data Into the next 
buffer after one of the following events: 

1 . Detecting an error 

2. Detecting a full receive buffer 

3. Issuing the ENTER HUNT MODE command 

4. Issuing the CLOSE Rx BD command 
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15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





OFFSET + 


E 


— 


W 


1 


L 


- 


CM 


— 


DE 


— 


— 


NO 


— 


OR 


OV 


CD 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 
OFFSET + 6 


RX DATA BUFFER POINTER* 



NOTE: Entries in boldface must be initialized by the user. 



E — Empty 



= 



1 = 



The data buffer associated with this Rx BD has been filled with received data, or 
data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

The data buffer associated with this BD is empty, or reception is currently in 
progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 



Bits 14, 10, 8, 6, 5, 3— Reserved 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Rx BD table. 

1 = This Is the last BD In the Rx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BD s in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt is generated after this buffer has been used. 

1 = When this buffer has been closed by the transparent controller, the RX bit in the 

transparent event register will be set. The RX bit can cause an interrupt if it is 
enabled. 

L— Last in Frame 

This bit Is set by the transparent controller when this buffer is the last in a frame. This 
implies the negation of CD in envelope mode or the reception of an error, in which case 
one or more of the OV, CD, and DE bits are set. The transparent controller will write the 
number of frame octets to the data length field. 

= This buffer is not the last in a frame. 

1 = This buffer is the last in a frame. 

CM — Continuous Mode 

= Normal operation. 

1 = The E-bit Is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be ovenwritten automatically when the CP next accesses this BD. 
However, the E-bit will be cleared if an error occurs during reception, regardless 
of the CM bit. 
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DE— DPLL Error 

This bit is set by tine transparent controller when a DPLL error has occurred during the 
reception of this buffer. In decoding modes where a transition is promised every bit, the 
DPLL error will be set when a missing transition occurs. 

OV— Overrun 
A receiver overrun occurred during buffer reception. 

CD— Carrier Detect Lost 
The carrier detect signal was negated during buffer reception. 

Data Length 
The data length is the number of octets that the CP has written into this BD's data 
buffer. It is written only once by the CP as the buffer is closed. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the maximum 
receive buffer length register (MRBLR). 

Rx Data Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated 
data buffer, must be divisible by 4 (unless the RFW bit in the GSMR is set to 8-bits 
wide, in which case it may be even or odd). The buffer may reside in either internal or 
external memory. 

7.10.21.10 TRANSPARENT TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data is 
presented to the CP for transmission on an SCC channel by arranging it in buffers 
referenced by the channel's Tx BD table. The CP confirms transmission or indicates error 
conditions using the BDs to inform the processor that the buffers have been serviced. 

The status and control bits are prepared by the user before transmission and are set by 
the CP after the buffer has been transmitted. 





15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





OFFSET + 


R 


— 


W 


1 


L 


TC 


CM 


— 


— 


— 


— 


— 


— 


— 


UN 


GT 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 
OFFSET +6 


TX DATA BUFFER POINTER 



NOTE: Entries in boldface must be initialized by the user. 

R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user Is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 
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Bits 14, 8-2— Reserved 

W— Wrap (Final BD in Table) 

= This is not tlie last BD in tiie Tx BD table. 

1 = This is the last BD In the Tx BD table. After this buffer has been used, the CP will 

receive incoming data into the first BD In the table (the BD pointed to by TBASE). 
The number of Tx BDs in this table is programmable, and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt is generated after this buffer has been serviced. 

1 = When this buffer is serviced by the CP, TX, or TXE bit in the transparent event 

register will be set. The TX and TXE bits can cause interrupts if they are enabled. 

L — Last in Message 

= The last byte in the buffer is not the last byte in the transmitted transparent 

fram^ Data from the next transmit buffer (if ready) will be transmitted 
Immediately following the last byte of this buffer. 

1 = The last byte in the buffer is the last byte in the transmitted transparent frame. 

After this buffer Is transmitted, the transmitter will require synchronization before 
the next buffer will be transmitted. 

TC— Transmit CRC 

= No CRC sequence will be transmitted after this buffer. 

1 = A frame check sequence as defined by the TCRC bits in the GSMR will be 

transmitted after the last byte of this buffer. 

CM — Continuous Mode 
0= Normal operation. 
1 = The R-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be retransmitted automatically when the CP next accesses this BD. 

However, the R-bit will be cleared if an error occurs during transmission, 

regardless of the CM bit. 

UN — Underrun 
The sec encountered a transmitter underrun condition while transmitting the 
associated data buffer. 

CT— CTS Lost 
CTS was lost during frame transmission. 

Data Length 

The data length is the number of bytes that the CP should transmit from this BD's data 
buffer. The data length, which should be greater than zero, may be even or odd. This 
value Is never modified by the CP. 
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Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first byte of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

7.10.21.11 TRANSPARENT EVENT REGISTER (SCCE). The SCCE is called the 
transparent event register when the SCC is operating as a transparent controller. It is a 
16-bit register used to report events recognized by the transparent channel and to 
generate interrupts. On recognition of an event, the transparent controller will set the 
corresponding bit in the transparent event register. Interrupts generated by this register 
may be masked in the transparent mask register. 

The transparent event register is a memory-mapped register that may be read at any time. 
A bit is reset by writing a one (writing a zero does not affect a bit's value). More than one 
bit may be reset at a time. All unmasked bits must be reset before the CP will negate the 
internal interrupt request signal. This register is cleared at reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





- 


GLr 


GLt 


DCC 


- 


- 


GRA 


- 


- 


TXE 


RCH 


BSY 


TX 


RX 




Bits 15-13, 9-8, 6-5— Reserved 

GLr— Glitch on Rx 
A clock glitch was detected by this SCC on the receive clock. 

GLt— Glitch on Tx 
A clock glitch was detected by this SCC on the transmit clock. 

DCC— DPLL CS Changed 

The carrier sense status as generated by the DPLL has changed state. The real-time 
status may be found in SCCS. This is not the CD pin status, which Is reported 
elsewhere, and is only valid when the DPLL is used. 

GRA— Graceful Stop Complete 

A graceful stop, which was initiated by the GRACEFUL STOP TRANSMIT command, is 
now complete. This bit is set as soon the transmitter has finished transmitting any frame 
that was in progress when the command was issued. It will be set immediately if no 
frame was in progress when the command was issued. 

TXE— Tx Error 
An error (CTS lost or underrun) occurred on the transmitter channel. 

RCH— Receive Character 

A byte or long word has been received and written to the buffer. This depends on the 
setting of the RFW bit in the GSMR. 
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BSY— Busy Condition 

A byte/iong-word was received and discarded due to lacl< of buffers. The receiver will 
resume reception after an ENTER HUNT MODE command. 

TX— Tx Buffer 

A buffer lias been transmitted. This bit is set no sooner than when the last bit of the last 
byte of the buffer begins its transmission, assuming the L-bit of the Tx BD is set. If the 
L-bit is not set, TX is set when the last byte of data is written to the transmit FIFO. 

RX—Rx Buffer 

A complete buffer has been received on the SCC channel. This bit is set no sooner than 
two serial clocks after the last bit of the last byte in which the buffer is received on the 
RXD pin. 

7.10.21.12 TRANSPARENT MASK REGISTER (SCCM). The SCCM is referred to as the 
transparent masl< register when the SCC Is operating in transparent mode. It is a 16-bit 
read-write register that has the same bit format as the transparent event register. If a bit In 
the transparent mask register is a one, the corresponding interrupt in the event register 
will be enabled. If the bit is zero, the corresponding interrupt in the event register will be 
masked. This register is cleared upon reset. 

7.10.21.13 SCC STATUS REGISTER (SCCS). The SCCS is an 8-bit read-only register 
that allows t he us er to monitor real-time status conditions on the RXD line. The real-time 
status of the CTS and CD pins are part of the port C parallel I/O. 




— 


— 


— 


— 


— 


— 


OS 


— 



CS— Carrier Sense (DPLL) 

This bit shows the real-time carrier sense of the line as determined by the DPLL, if it Is 
used. 

= The DPLL does not sense a carrier. 

1 = The DPLL does sense a carrier. 

7.10.21.14 SCC TRANSPARENT EXAMPLE. The following list is an initialization 
sequence for an SCC transparent channel. The transmitter and receiver are both enabled, 
but operate independently of each other; they implement the connection shown on QUICC 
2 in Figure 7-64. Both transmit and receive clocks are provided externally to QU ICC 2 
usin g the CLK7 pin. SCC4 i s used. The transparent controller is configured with the RTS4 
and CD4 pins active. CTS4 is grounded internally by the configuration in port C. A 16-bit 
CRC-CCITT is sent with each transparent frame. The FIFOs are configured for fast 
operation. 
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1 . Configure the port A pins to enable the TXD4 and RXD4 pins. Write PAPAR bits 6 
and 7 with ones. Write PADIR bits 6 and 7 with zeros. Write PAODR bits 6 and 7 
with zeros. 




2. Configure the port C pins to enable RTS4, CTS4, and CD4. Write PCPAR bit 3 with 
one and bit 1 1 with zero. Write PCDIR bits 3 and 1 1 with zero. Write PCSO bit 1 1 
with one and bit 10 with zero. 

3. Configure port A to enable the CLK7 pin. Write PAPAR bit 14 with a one. Write 
PADIR bit 14 with a zero. 

4. Connect the CLK7 pin to SCC4 using the SI. Write the R4CS bits in SICR to 1 10. 
Write the T4CS bits in SICR to 1 10. 

5. Connect the SCC4 to the NMSI (i.e., Its own set of pins). Clear the SC4 bit 
in the SICR. 

6. Write RBASE and TBASE in the SCC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM, 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

7. Write RFCR with $18 and TFCR with $18 for normal operation. 

8. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 16 bytes, so MRBLR = $0010. 

9. Write CRC_P with $OOOOFFFF to comply with the 1 6-bit CRC-CCITT. 

10. Write CRC_C with $0000F0B8 to comply with the 16-bit CRC-CCITT. 

11. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for Instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

12. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-bit characters. Write $BCOO to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

13. Write $FFFF to the SCCE to clear any previous events. 

14. Write $0013 to the SCCM to enable the TXE, TX, and RX interrupts. 

15. Write $08000000 to the CiMR to allow SCC4 to generate a system interrupt. (The 
CICR should also be initialized.) 

16. Write $00001980 to GSMR_H4 to configure the transparent channel. 

1 7. Write $00000000 to GSMR_L4 to configure the CTS and CD pins to automatically 
control transmission and reception (DIAG bits). Normal operation of the transmit 
clock is used (TCI is cleared). Notice that the transmitter (ENT) and receiver (ENR) 
have not been enabled yet. 

18. Write $00000030 to GSMR_L4 to enable the SCC4 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 
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7.10.22 RAM Microcodes 

Additional protocols may be added in the future through the use of RAM microcodes. See 
Appendix C RISC l\/Iicrocode from RAIW for more information. 

7.10.23 EtJiernet Controller 

The Ethernet/IEEE 802.3 protocol is a widely used LAN that is based on the carrier sense 
multiple access/collision detect (CSMA/CD) approach. Ethernet and IEEE 802.3 frames 
are very similar and can co-exist on the same LAN. The two protocols are referred to 
synonymously as "Ethernet" in this manual unless specifically noted. Ethernet/IEEE 802.3 
frames are based on the frame structure shown in Figure 7-65. 

FRAME LENGTH IS 64-1518 BYTES 



PREAMBLE 


START 

FRAME 

DELIMITER 


DEST. 
ADDR. 


SOURCE 
ADDR. 


TYPE/ 
LENGTH 


DATA 


FRAME 

CHECK 

SEQUENCE 



46-1 500 BYTES 



4 BYTES 



7 BYTES 1BYTE 6 BYTES 6 BYTES 2 BYTES 

NOTE: The LSB of each octet is transmitted first. 

Figure 7-65. Ethernet/802.3 Frame Format . 

The frame begins with a 7-byte preamble of alternating ones and zeros. Since the frame Is 
Manchester encoded, the preamble gives receiving stations a l<nown pattern on which to 
lock. The start frame delimiter, which signifies the beginning of the frame, follows the 
preamble. The 48-bit destination address is next, followed by the 48-bit source address. 
Original versions of the IEEE 802.3 specification allowed 16-bit addressing; however, this 
addressing has never been significantly used in the industry. 

The next field is the type field in Ethernet and the length field in IEEE 802.3. The type field 
is used to signify the protocol used in the rest of the frame (e.g., TCP/IP). The length field 
is used to specify the length of the data portion of the frame. For Ethernet and IEEE 802.3 
frames to co-exist on the same LAN, the length field of the frame must always be unique 
from any type fields used in Ethernet. This has limited the length of the data portion of the 
frame to 1500 bytes, and therefore the total frame length to 1518 bytes. 

The final 4 bytes of the frame are the FCS. This is the standard 32-bit CCITT-CRC 
polynomial used in many other protocols. 

When a station wishes to transmit, it checks for activity on the LAN. When the LAN 
becomes silent for a specified period, the station begins transmission. During 
transmission, the station continually checks for collision on the LAN. If a collision is 
detected, the station forces a jam of all ones on its frame and ceases transmission. 
Collisions usually occur close to the beginning of a frame. The station then waits a random 
period of time (backoff) before attempting to transmit again. Once the backoff is complete, 
the station waits for silence on the LAN and then begins retransmission on the LAN, called 
a retry. If the frame is not successfully transmitted within 15 retries, then an error is 
indicated. 
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A few key Ethernet timing parameters are as follows. The Ethernet of 10 Mbps gives 0.8 
jis per byte. The preamble plus start frame delimiter is transmitted in 6.4 ixs. The minimum 
Interframe gap is 9.6 [is. The slot time is 52 us. 

7.10.23.1 ETHERNET ON QUICC— MC68EN360. The Ethernet protocol is available only 
on the Ethernet version of the QUICC, called the MC68EN360. The non-Ethernet version 
of the QUICC Is the MC68360. The term "QUICC" Is the overall device name that denotes 
all versions of the device. 

The MC68EN360 is a superset of the MC68360, having the additional option of allowing 
Ethernet operation on SCC1. The MC68EN360 is not restricted only to Ethernet operation 
on SCC1; HDLC, UART, and other protocols may be used on SCC1 to allow dynamic 
switching between protocols. 

When the MODE bits of the SCO GSMR select the Ethernet protocol, then that SCO 
performs the full set of IEEE 802.3/Ethernet CSMA/CD media access control and channel 
interface functions (see Figure 7-66). 

The QUICC Ethernet controller requires an external serial Interface adaptor (SIA) and 
transceiver function to complete the interface to the media. This function is implemented In 
the Motorola MC68160 enhanced Ethernet serial transceiver (EEST). 

The QUICC+EEST solution provides a direct connection to the attachment unit interface 
(AUI) or twisted-pair (10BASE-T). The EEST provides a glueless Interface to the QUICC, 
Manchester encoding and decoding, automatic selection of 10BASE-T versus AUI ports, 
10BASE-T polarity detection and correction, LED drivers, and a low-power mode. For 
more information, refer to the MC681 60 device description. 

The QUICC Ethernet controller provides a number of features listed below. Although the 
QUICC contains DPLLs that allow Manchester encoding and decoding, these DPLLs were 
not designed for Ethernet rates. Therefore, the Ethernet controller on the QUICC 
bypasses the on-chip DPLLs and uses the external SIA on the EEST instead. 
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Figure 7-66. Ethernet Block Diagram 

7.10.23.2 ETHERNET KEY FEATURES. The Ethernet contains the following key 
features: 

• Performs MAC Layer Functions of Ethernet and IEEE 802.3 

• Performs Framing Functions 

— Preamble Generation and Stripping 

— Destination Address Checking 

— CRC Generation and Checking 

— Automatic "Short Frames" Padding on Transmit 

— Framing Error (Dribbling Bits) Handling 

• Full Collision Support 

— Enforces the Collision (Jamming) 

— Truncated Binary Exponential Backoff Algorithm for Random Wait 

— Two Nonaggressive Backoff Modes 

— Automatic Frame Retransmission (Until "Attempt Limit" Is Reached) 

— Automatic Discard of Incoming Collided Frames 

— Delay Transmission of New Frames for Specified Interframe Gap 

• Bit Rates up to 10 Mbps 

• Receives Back-to-Back Frames 
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• Detection of Receive Frames Tliat Are Too Long 

• Multibuffer Data Structure 

• Supports 48-Bit Addresses in Tliree l\/lodes: 

— Physical — One 48-Bit Address Recognized or 64-Bin Hash Table for Physical 
Addresses 

— Logical— 64-Bin Group Address Hash Table plus Broadcast Address Checking 

— Promiscuous— Receives All Addresses, but Discards Frame If Reject Pin Asserted 

• External CAM Support on Both Serial and System Bus Interfaces 

• Up to Eight Parallel I/O Pins May Be Sampled and Appended to Any Frame 

• Heartbeat Indication 

• Transmitter Network Management and Diagnostics 

— Lost Carrier Sense 

— Underrun 

— Number of Collisions Exceeded the Maximum Allowed 

— Number of Retries per Frame 

— Deferred Frame Indication 

— Late Collision 

• Receiver Network Management and Diagnostics 

— CRC Error Indication 

— Nonoctet Alignment Error 

— Frame Too Short 

— Frame Too Long 

— Overrun 

— Busy (Out of Buffers) 

• Error Counters 

— Discarded Frames (Out of Buffers or Overrun Occurred) 

— CRC Errors 

— Alignment Errors 

• Internal and External Loopback Mode 

7.10.23.3 LEARNING ETHERNET ON THE QUICC. The following paragraphs detail the 
Ethernet functionality on the QUICC. However, they show the additions made to the 
standard SCO functionality to implement Ethernet. Therefore, the reader is encouraged to 
learn the basics of the SCCs and the overall architecture of the CPM before attempting to 
learn this section in great detail. 
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A first-time user of the QUICC who plans to use Ethernet on the QUICC should first read 
the following sections of this user manual: 

1 . 7.1 RISC Controller, 7.2 Command Set, and 7.3 Dual-Port RAM. The RISC 
controller is used to issue special commands to the Ethernet channel. The dual-port 
RAM is used to load Ethernet parameters and initialize BDs for use by the Ethernet 
channel. 

2. 7.7 SOMA Channels discusses how SOMA channels are used to transfer data 
to/from the Ethernet channel and system memory. 

3. 7.8.8 NMSI Configuration explains how clocks are routed to the SCOs through the 
bank of clocks. 

4. 7.10.1 sec Overview contains more detailed information on the SCOs that are 
applicable to all protocols. The reader does not need to read the SCO DPLL 
description since the on-chip DPLLs are not used in Ethernet. 

5. 7.10.23 Ethernet Controller should be read next. 

6. 7.15 CPM Interrupt Controller defines the interrupt priority of this SCO and how 
interrupts are generated to the CPU32+ core. 

7. 7.14 Parallel I/O Pins shows how to configure the desired Ethemet pin functions to 
be active. 

7.10.23.4 CONNECTING QUICC TO ETHERNET. Figure 7-67 shows the basic 
components and pins required to make the Ethernet connection between the QUICC and 
the EEST. 

The QUICC Ethernet controller has seven basic pins that make up the interface to the 
external EEST chip: 

1 . Receive clock. Receive clock to the SCC (RCLK) may be either the CLK1 , CLK2, 
CLK3, or CLK4 pin that is routed through the bank of clocks on the QUICC. 

2. Transmit clock. Transmit clock to the SCC (TCLK) may be either the CLK1 , CLK2, 
CLK3, or CLK4 pin that is routed through the bank of clocks on the QUICC. (The 
SCC RCLK and SCC TCLK should not be connected to the same CLKx pin since 
the EEST provides a separate receive and transmit clock signal). 

3. Transmit data. This is the QUICC the TXD pin. 

4. Receive data. This is the QUICC RXD pin. 
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NOTE: Short transmit frames are padded automatically by the QUICC. 

Figure 7-67. Connecting thie QUICC to Ethernet 

Tine following pins tal<e on new meanings when the Ethernet protocol is selected for the 
SCO: 



5. Transmit Enable (TENA). The SCO's RTS pin changes to become TENA when the 
SCO is configured for Ethernet operation. The polarity of TENA is active high; 
whereas, the polarity of RTS is active low. 

6. Receive Enable (RENA). The SCC's CD pin changes to become RENA when the 
sec is configured for Ethernet operation. The polarity of RENA is active high; 
whereas, the polarity of CD is active low. 

7. Collision (CLSN). The SCC's CTS pin changes to become CLSN when the SCC is 
configure d for E thernet operation. The polarity of CLSN is active high; whereas, the 
polarity of CTS is active low. 

NOTE 

The carrier sense signal is often referred to in Ethernet 
descriptions, because it defines whether the LAN is currently in 
use. Carrier sense is defined as RENA ORed with CLSN. 

The EEST has similar names for its connection to the seven basic QUICC pins. In 
addition, the EEST contains a loopback pin to allow the QUICC to perform external 
loopback testing. This can be controlled by any available parallel I/O pin on the QUICC. 
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In addition, tlie QUICC has additional pins used to interface to an optional external 
content-addressable memory (CAM). These pins are described in 7.10.23.7 CAM 
Interface. 

External to the EEST are the passive components (principally transformers) required to 
connect to AUI or twisted-pair media. For more information on the EEST connection 
circuits, refer to the IVIC681 60 device description. 

The QUICC stores every byte received after the start frame delimiter into system memory, 
using the SOMA channels. On transmit, the user provides the destination address, source 
address, type/length field, and the transmit data. The QUICC will automatically pad frames 
that have less than 46 bytes in the data field to meet the minimum frame requirements. In 
addition, the QUICC will append the FCS to the frame. 

7.10.23.5 ETHERNET CHANNEL FRAME TRANSMISSION. The Ethemet transmitter is 
designed to work with almost no intervention from the host. When the host enables the 
transmitter, the Ethernet controller will poll the first Tx BD in the channel's tx BD table. 
The poll occurs every 128 serial clocks. If the user has a frame ready to transmit, the TOD 
bit In the transmit-on-demand register may be set to eliminate waiting for the next poll to 
occur. 

When there is a frame to transmit, the Ethernet controller will begin fetching the data from 
the data buffer, assert TENA to the EEST, and start transmitting the preamble sequence, 
the start frame delimiter, and then the frame information. However, the controller will defer 
the transmission if the line is busy (carrier sense is active). Before transmitting, the 
controller waits for carrier sense to become inactive. Once carrier sense becomes 
inactive, the controller determines if carrier sense stays inactive for 6.4 ^s. If so, then the 
transmission will begin after waiting an additional 3.2 ^s (i.e., 9.6 ^s after carrier sense 
originally became inactive). 

If a collision occurs during the transmit frame, the Ethernet controller follows the specified 
backoff procedures and attempts to retransmit the frame until the retry limit threshold is 
reached. The Ethernet controller stores the first 5 to 8 bytes of the transmit frame (8 bytes 
if the transmit frame was long-word aligned) in internal RAM, so that they do not have to 
be retrieved from system memory in case of a collision. This improves bus utilization and 
latency in the case that the backoff timer output results in a need for an immediate 
retransmission. If a collision occurs during the transmission of the frame, the Ethernet 
controller will return to the first buffer for a retransmission. The only restriction is that the 
first buffer should contain at least 9 bytes. 

When the end of the current BD has been reached and the L-bit in the Tx BD is set, the 
FCS (32-bit CRC) bytes are appended (if the TC bit is set in the Tx BD), and TENA is 
negated. This tells the EEST to generate the illegal Manchester encoding that signifies the 
end of the Ethernet frame. 

Following the transmission of the CRC, the Ethernet controller writes the frame status bits 
into the BD and clears the R-bit. When the end of the current BD has been reached, and 
the L-bit is not set (i.e., a frame is comprised of multiple buffers), only the R-bit is cleared. 
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In either mode, an interrupt can be issued according to the 1-bit in the Tx BD. The Ethernet 
controlier will then proceed to the next Tx BD in the table. In this way, the user may be 
interrupted after each frame, after each buffer, or after a specific buffer has been 
transmitted. 

The Ethemet controller has an option to add pad characters to short frames. If the PAD bit 
is set in the Tx BD, the frame will be padded up to the value of the minimum frame length 
register. 

To rearrange the transmit queue before the CP has completed transmission of all frames, 
issue the GRACEFUL STOP TRANSMIT command. This technique can be useful for 
transmitting expedited data before previously linked buffers or for error situations. When 
the GRACEFUL STOP TRANSMIT command is issued, the Ethernet controller will stop 
immediately if no transmission is in progress, or continue transmission until the current 
frame has successfully completed transmission or terminates with a collision. When the 
Ethemet controller is given the RESTART TRANSMIT command, it resumes transmission. 

The Ethernet controller transmits bytes LSB first. 

7.10.23.6 ETHERNET CHANNEL FRAME RECEPTION. The Ethernet receiver is also 
designed to work with almost no intervention from the host. The Ethernet receiver can 
perform address recognition, CRC checking, short frame checking, maximum DMA 
transfer checking, and maximum frame length checking. 

When the host enables the Ethernet receiver, it will enter hunt mode as soon as the RENA 
signal is asserted if CLSN is negated. In hunt mode, as data is shifted into the receive shift 
register one bit at a time, the contents of the register are compared to the contents of the 
SYN1 field in the data synchronization register. This compare function becomes valid a 
certain number of clocks after the start of the frame (depending on the NIB bits in the 
PSMR). If the two are not equal, the next bit is shifted in, and the comparison is repeated. 
If a double zero fault or double one fault is detected between bits 14 to 21 from the start of 
the frame, the frame is rejected. If a double zero fault is detected after 21 bits from the 
start of the frame and before detection the start frame delimiter, the frame is also rejected. 
When the registers match, the hunt mode is terminated, and character assembly begins. 

When the receiver detects the first bytes of the frame, the Ethernet controller will perform 
address recognition functions on the frame (see 7.10.23.11 Ethernet Address 
Recognition). The receiver can receive physical (individual), group (multicast), and 
broadcast addresses. No Ethernet receive frame data is written to memory until the 
internal address recognition algorithm is complete, which improves bus utilization in the 
case of frames not addressed to this station. 

The receiver can also work with an external CAM. See 7.10.23.7 CAM interface for more 
details, in the case of an external CAM, frame reception continues normally unless the 
CAM specifically signals the frame to be rejected. 

If a match is detected, the Ethernet controller will fetch the next Rx BD and, if it is empty, 
will start to transfer the incoming frame to the Rx BD's associated data buffer. If a collision 
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is detected during the frame, the Rx BDs associated with this frame are reused. Thus, no 
collision frames are presented to the user except late collisions, which indicate serious 
LAN problems. 

When the data buffer has been filled, the Ethernet controller clears the E-bit in the Rx BD 
and generates an interrupt if the 1-bit is set. if the incoming frame exceeds the length of 
the data buffer, the Ethernet controller will fetch the next Rx BD in the table and, if it Is 
empty, will continue to transfer the rest of the frame to this BD's associated data buffer. 

The Rx BD length is determined in the MRBLR value in the SCO general-purpose 
parameter RAM. The user should program MRBLR to be at least 64 bytes. The user is 
required to program MRBLR to be at least 32 bytes. 

During reception, the Ethemet controller will check for a frame that is too short or too long. 
When the frame ends (carrier sense is negated), the receive CRC field is checked and 
written to the data buffer. The data length written to the last BD in the Ethernet frame Is 
the length of the entire frame. This enables software to correctly recognize the frame-too- 
long condition. 

When the receive frame is complete, the Ethernet controller has the option to sample one i 
byte from the port B parallel I/O (PB15-PB8) and append this byte to the end of the last 
Rx BD in the frame. For any of the PB15-PB8 pins that are defined as outputs, the I 
contents of the PBDAT latch is read, rather than the pin itself. Although this capability is 
useful for CAM applications, it may be used whether or not an external CAM is present. 
The sampling occurs at the end of frame reception. 

The Ethernet controller then sets the L-bit in the Rx BD, writes the other frame status bits 
into the Rx BD, and clears the E^bit. The Ethernet controller next generates a maskable 
interrupt, indicating that a frame has been received and is in memory. The Ethernet 
controller then waits for a new frame. 

The Ethernet controller receives serial data LSB first. 

7.10.23.7 CAM INTERFACE. The Ethemet controller has two options for connecting to an 
external CAM: a serial interface option and a system bus interface option. Actually, both 
options may be used at once (there is no mode bit to select them); however, they are 
described independently for clarity. To implement an option, the user only needs to enable 
the particular pins that are desirable. 

Both options use a reject pin on the QUICC to signify that the current frame is to be 
discarded. The QUICC intemal address recognition logic may be used in combination with 
an external CAM. See 7.10.23.11 Ethernet Address Recognition for more details. 

The seri al interface option Is shown in Figure 7-68. The QUICC outpu ts a rec eive start 
(RSTRT) signal when the start frame delimiter is recognized. The RSTRT signal is 
asserted for just one bit time on the second destination address bit. 
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Figure 7-68. QUICC Ethernet Serial CAM Interface 



The CAM control logic uses RSTRT, in combination with the RXD and RCLK signals, to 
store the destination address, source address, etc. and generate writes to the CAM for 
address recognition. In addition, the RENA signal supplied from the EEST may be used to 
abort the comparison if a collision occurs on the receive frame. 
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After the comparison occurs, the CAM control logic asserts the receive reject (RRJCT) pin, 
if the current receive frame should be rejected. The QUiCC Ethernet controller will then 
immediately stop writing data to system memory and will reuse the buffer(s) for t he next 
frame. If the CAM wishes t o accept the frame, the CAM control logic does nothing (RRJCT 
is not asserted). If RRJCT is asserted, it must be asserted prior to the end of the receive 
frame. 

Additionally, the CAM control logic may wish to provide additional information on the 
PB15-PB8 pins. The QUICC Ethernet controller will write this additional byte to the end of 
the frame data if the SIP bit is set in the PSMR. This Information tag is sampled by the 
QUICC Ethernet controller as the last PCS byte is read from the receive FIFO. The 
infomnation TAG should be provided by the CAM control logic no later than when RENA is 
negated at t he end of a non-coll ision frame, and should be held stable on the PB15-PB8 
pins until the SDACK2-SDACK1 pins signal that the tag byte is being written to memory. 

The parallel interface option is shown in Figure 7-69. The QUICC outputs two signals 
every time it writes Ethernet fr ame data to system memory. The signals SOMA 
acknowledge (SDACK2-SDACK1), are asserted during ail bus cycles on which Ethernet 
frame data is written to memory. (These signals are not used for other protocols.) 

The CAM control logic uses these pins to enable the CAM writes simultaneously with 
system memory writes. In this way, the CAM captures the frame data at the same time ' 
that It is being written to system memory. The chief advantage of this approach is that the 
data is already in parallel form when it leaves the QUiCC. 



The SDA CK2-SDACK1 signals are asserted during all bus cycles writes of the frame data. 
A certain SDACK2-SDACK1 combination specifically identifies the first 32-bits of the 
frame, another identifies all mid-frame data, and a third combination identifies the last 32- 
bit bus write of the frame (only if the tag byte is appended). The tag byte is appended from 
the sample of PB15-PB8 if the SIP bit is set in the PSMR. The tag byte could be byte 0, 1 , 
2, or 3 of the 32-bit write. 

If the system memory is 32 bits, then the QUICC 32-bit write will take one bus cycle, if the 
system memory is 16 bi ts or 8 bi t s, then th e QUICC 32-bit write will take two or four bus 
cycles. In any case, the SDACK2-SDACK1 signals are valid on each bus cycle of a 32-bit 
write cycle and only during bus cycles associated with the Ethemet receiver. 

Additionally, the user may choose a unique function code (FC3-FC0) associated with the 
SOMA receive channel associated with the Ethernet SCC to have an alternate method of 
identifying accesses from this SCC. 
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Figure 7-69. QUICC Ethernet Parallel CAM Interface 
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7.10.23.8 ETHERNET MEMORY MAP. When configured to operate in Ethernet mode, the 
QUICC overlays the structure described in Table 7-5 with the Ethernet-specific 
parameters described in Table 7-10. 



Table 7-10. Ethernet-Specific Parameters 



Address 


Name 


Width 


Description 


User Writes 


SCO Base + 30 


C_PRES 


Long 


Preset ORO 


$FFFFFFFF 


SCO Base + 34 


C_MASK 


Long 


Oonstant MASK for ORO 


$DEBB20E3 


sec Base + 38 


CRCEC 


Long 


ORO Error Oounter 




SCO Base + 30 


ALEC 


Long 


Alignment Error Oounter 




DMA Base + 40 


biSFC 


Long 


Discard Frame Oounter 




SCO Base -t- 44 


PADS 


Word 


Short Frame PAD Oounter 




SCO Base + 46 


RET_Llm 


Word 


Retry Limit Threshold 


15 dec 


SCO Base + 48 


RET_cnt 


Word 


Retry Limit Oounter 




SCO Base + 4A 


MFLR 


Word 


Maximum Frame Length Register 


1518 dec 


SCO Base +40 


MINFLR 


Word 


Minimum Frame Length Register 


64 dec 


DMA Base + 4E 


MAXD1 


Word 


Max DMA1 Length Register 


1518 dec 


DMA Base + 50 


MAXD2 


Word 


Max DMA2 Length Register 


1518 dec 


SCO Base + 52 


MAXD 


Word 


Rx Max DMA 




SCO Base + 54 


DMA.cnt 


Word 


Rx DMA Oounter 




sec Base + 56 


MAX_b 


Word 


Max BD Byte Oount 




sec Base + 58 


GADDR1 


Word 


Group Address Filter 1 




sec Base + 5A 


GADDR2 


Word 


Group Address Filter 2 




sec Base + 50 


GADDR3 


Word 


Group Address Filter 3 




sec Base + 5E 


GADDR4 


Word 


Group Address Filter 4 




see Base -i- 60 


TBUFO.dataO 


Long 


Save Area 0— Ourrent Frame 




see Base + 64 


TBUFO.datal 


Long 


Save Area 1— Current Frame 




DMA Base + 68 


TBUFO.rbaO 


Long 






see Base + 60 


TBUFO.crc 


Long 






see Base + 70 


TBUFO.bcnt 


Word 






see Base + 72 


PADDR1_H 


Word 


Physical Address 1 (MSB) 




see Base + 74 


PADDR1_M 


Word 


Physical Address 1 




see Base + 76 


PADDR1_L 


Word 


Physical Address 1 (LSB) 




DMA Base + 78 


P_Per 


Word 


Persistence 




DMA Base + 7A 


RFBD_ptr 


Word 


Rx First BD Pointer 




see Base + 70 


TFBD_ptr 


Word 


Tx First BD Pointer 




see Base •«■ 7E 


TLBD_ptr 


Word 


Tx Last BD Pointer 




see Base -i- 80 


TBUFI.dataO 


Long 


Save Area 0— Next Frame 
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Table 7-10. Ethernet-Specific Parameter RAiVi (Cont 


inued) 


Address 


Name 


Width 


Description 


User Writes 


sec Base + 84 


TBUFI.datal 


Long 


Save Area 1 - Next Frame 




SCO Base + 88 


TBUFLrbaO 


Long 






SCO Base + 80 


TBUFI.crc 


Long 






SCO Base + 90 


TBUFLbcnt 


Word 






SCO Base + 92 


TXJen 


Word 


Tx Frame Length Counter 




SCO Base + 94 


IADDR1 


Word 


Individual Address Filter 1 




DMA Base + 96 


IADDR2 


Word 


Individual Address Filter 2 




sec Base + 98 


IADDR3 


Word 


Individual Address Filter 3 




sec Base + 9A 


IADDR4 


Word 


Individual Address Filter 4 




sec Base + 9C 


BOFF.CNT 


Word 


Backoff Counter 




sec Base + 9E 


TADDR_H 


Word 


Temp Address (MSB) 




sec Base + AO 


TADDR_M 


Word 


Temp Address 




DMA Base + A2 


TADDR_L 


Word 


Temp Address (LSB) 






NOTE: The boldfaced items should be initialized by the user. 

C_PRES. For the 32-bit CRC-CCITT, C_PRES should be initialized with $FFFFFFFF. 

C_MASK. For the 32-blt CRC-CCITT, C_MASK should be Initialized with $DEBB20E3. 

CRCEC, ALEC, and DISFC. These 32-bit (modulo 232) counters are rhaintained by the 
CP. They may be initialized by the user while the channel is disabled. CRCEC is 
Incremented for each received frame with a CRC error, except it does not includes frames 
not addressed to the user, frames received in the out-of-buffers condition, frames with 
overrun errors, or frames with alignment errors. ALEC is Incremented for frames received 
with dribbling bits, but does not includes frames not addressed to the user, frames 
received in the out-of-buffers condition, or frames with overrun errors. DISFC is 
incremented for frames discarded because of the out-of-buffers condition or an overrun 
error. The CRC does not have to be correct for this counter to be incremented. 

PADS. Into this 16-bit register the user writes the pattern of the pad characters that should 
be sent when short frame padding is implemented. The byte pattern written to the register 
may be any value, but both the high and low bytes should be the same. 

RET_Llm. The user writes the number of retries that should be made to transmit a frame 
Into this 16-bit register. This value is typically 15 decimal. If the frame Is not transmitted 
after this limit Is reached, an interrupt may be generated. RET_cnt Is a temporary down- 
counter used to count the number of retries made. 

MFLR. The Ethernet controller checks the length of an incoming Ethernet frame against 
the user-defined value given in this 16-bit register. Typically this register is set to 1518 
decimal. If this limit is exceeded, the remainder of the incoming frame is discarded, and 
the LG (Rx frame too long) bit is set in the last Rx BD belonging to that frame. The 
Ethernet controller will report the frame status and the frame length in the last Rx BD. 
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MFLR is defined as ail tlie in-frame bytes between the start frame delimiter and the end of 
the frame (destination address, source address, length, LLC data, PAD, and PCS). 
DMA_cnt Is a temporary down-counter used to tracl< the frame length. 

MINPLR. The Ethernet controller checks the length of an incoming Ethernet frame against 
the user-defined value given in this 16-bit register. Typically this register is set to 64 
decimal. If the received frame length is less than the register value, then this frame is 
discarded unless the RSH (receive short frames) bit in the PSMR is set. If RSH Is cleared, 
then the SH (Rx frame too short) bit is set In the last Rx BD belonging to that frame. For 
transmit operation, if the frame is too short, the Ethernet controller will add PADs to the 
transmitted frame (according to the PAD bit in the Tx BD and the PAD value in the 
parameter RAM). PADs will be added to make the transmit frame MINPLR bytes in length. 

MAXD1 . This parameter gives the user the ability to stop system bus writes from occurring 
after a frame has exceeded a certain size. The value of this register is valid only If an 
address match was detected. The Ethernet controller checks the length of an incoming 
Ethernet frame against the user-defined value given In this 1 6-bit register. Typically, this 
register is set to 1518 decimal. If this limit Is exceeded, the remainder of the incoming 
frame Is discarded. The Ethernet controller waits to the end of the frame (or until MPLR 
bytes have been received) and reports the frame status and the frame length in the last 
RxBD. 

MAXD2. This parameter gives the user the ability to stop system bus writes from occurring 
after a frame has exceeded a certain size. The value of this register is valid in 
promiscuous mode when no address match was detected. The Ethernet controller checks 
the length of an incoming Ethernet frame against the user-defined value given in this 16- 
bit register. Typically, this register is set to 1518 decimal. If this limit is exceeded, the 
remainder of the Incoming frame is discarded. The Ethernet controller waits to the end of 
the frame (or until MFLR bytes have been received) and reports the frame status and the 
frame length in the last Rx BD. 

In a monitor station, MAXD2 can be programmed to a value much less than MAXD1 to 
receive entire frames addressed to this station, but receive only the headers of all other 
frames. 

GADDR1-4. These four registers are used in the hash table function of the group 
addressing mode. The user may write zeros to these values after reset and before the 
Ethernet channel is enabled to disable all group hash address recognition functions. The 
SET GROUP ADDRESS command is used to enable the hash table. 

PADDR1 . The user writes the 48-bit individual address of this station into this location. 
PADDR1_L is the lowest order word, and PADDR1_H is the highest order word. 

P_Per. This parameter allows the Ethernet controller to be less aggressive in its behavior 
following a collision. Normally, this parameter should be set to $0000. To decrease the 
aggressiveness of the Ethernet controller, P_Per can be set to a value from 1 to 9, with 9 
being the least aggressive. The P_Per value is added to the retry count in the backoff 
algorithm to reduce the probability of transmission on the next time slot. 
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NOTE 

The use of P_Per is fully allowed within Ethernet/802.3 
specifications. In a heavily congested Ethernet LAN, a less 
aggressive backoff algorithm used by multiple stations on the 
LAN increases the overall LAN throughput by reducing the 
probability of collisions. 

The SBT bit In the PSMR offers another way to reduce the 
aggressiveness of the Ethernet controller. 

IADDR1-4, These four registers are used in the hash table function of the Individual 
addressing mode. The user may write zeros to these values after reset and before the 
Ethernet channel is enabled to disable all individual hash address recognition functions. 
The SET GROUP ADDRESS command Is used to enable the hash table. 

TADDR. This parameter allows the user to add and delete addresses from the Individual 
and group hash tables. After placing an address In TADDR, the user would then issue the 
SET GROUP ADDRESS command. TADDR_L Is the lowest order word, and TADDR_H is 
the highest order word. 

7.10.23.9 ETHERNET PROGRAMMING MODEL. The host configures SCO to operate as 
an Ethernet controller by the MODE bits in the GSMR. 

The receive errors (collision, overrun, nonoctet aligned frame, short frame, frame too long, 
and CRC error) are reported through the Rx BD. The transmit errors (underrun, heartbeat, 
late collision, retransmission limit, and carrier sense lost) are reported through the Tx BD. 

Several bit fields in the GSMR must be programmed to special values for Ethernet. See 
the GSMR for more details. The user should program the DSR as shown below. The 6 
bytes of preamble programmed in the GSMR, in combination with the programming of the 
DSR shown below, causes 8 bytes of preamble on transmit (Including the 1-byte start 
delimiter with the value $D5). 

8 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



SYN2 = $D5 


SYN1=$55 



7.10.23.10 ETHERNET COMMAND SET. The following transmit and receive commands 
are Issued to the OR. 

NOTE 

Before Issuing the OP RESET command, configure the TENA 
(RTS) pin to be an input. See step 3 of 7.10.23.23 SCO 
ETHERNET EXAMPLE for more information. 

7.10.23.10.1 Transmit Commands. The following paragraphs describe the Ethernet 
transmit commands. 

STOP TRANSMIT Command. When used with the Ethernet controller, this command 
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violates specified behavior of an Ethernet/IEEE 802.3 station. It should not be used. 

GRACEFUL STOP TRANSMIT Command. The channel GRACEFUL STOP TRANSMIT 
command is used to stop transmission in an orderly way. It stops transmission after the 
current frame has completed transmission or undergoes a collision (immediately If there is 
no frame being transmitted). The GRA bit in the SCCE will be set once transmission has 
stopped. After transmission ceases, the Ethernet transmit parameters, Including BDs, may 
be modified by the user. The TBPTR will point to the next Tx BD In the table. 
Transmission will begin once the R-bit of the next BD is set and the RESTART 
TRANSMIT command is issued. 

NOTE 

If the GRACEFUL STOP TRANSMIT command is issued and 
the current transmit frame ends in a collision, the TBPTR will 
point to the beginning of the collided frame, with the R-bit still 
set in the Tx BD (i.e., the frame will look as if it were never 
transmitted). 

RESTART TRANSMIT Command. The RESTART TRANSMIT command enables the 
transmission of characters on the transmit channel. This command is expected by the 
Ethernet controller after a GRACEFUL STOP TRANSMIT command or after a transmitter 
error (underrun, retransmission limit reached, or late collision). The Ethernet controller will 
resume transmission from the current TBPTR in the channel's Tx BD table. 

INIT TX PARAMETERS Command. This command initializes all the transmit parameters 
in this serial channel's parameter RAM to their reset state. This command should only be 
issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.10.23.10.2 Receive Commands. The following paragraphs describe the Ethernet 
receive commands. 

ENTER HUNT MODE Command. After a hardware or software reset and the enabling of 
the channel in the SCC mode register, the channel is in the receive enable mode and will 
use the first BD in the table. 

The ENTER HUNT MODE command is generally used to force the Ethernet receiver to 
abort reception of the current frame and enter the hunt mode. In the hunt mode, the 
Ethernet controller continually scans the input data stream for a transition of carrier sense 
from inactive to active and then a preamble sequence followed by the start frame 
delimiter. After receiving the command, the current receive buffer is closed, and the CRC 
calculation is reset. Further frame reception will use the next Rx BD. 

CLOSE Rx BD Command. This command should not be used with the Ethernet controller. 

INIT RX PARAMETERS Command. This command initializes all the receive parameters in 
this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 

MOTOROLA MC68360 USER'S MANUAL 7-257 





Ethernet 

7.10.23.10.3 SET GROUP ADDRESS Command. The SET GROUP ADDRESS 
command is used to set a bit in one of the 64 bits of the four individual/group address 
hash filter registers (GADDR1-4 or IADDR1-4). The individual or group address (48 bits) 
to be added to the hash table should be written to TADDR_L, TADDR_M, and TADDR_H 
in the parameter RAM prior to executing this command. The RISC controller checl<s the 
l/G bit In the address stored In TADDR to determine whether to use the individual hash 
table or the group hash table. A zero in the l/G bit implies an individual address, and a one 
in the l/G bit implies a group address. 

This command may be executed at any time, regardless of whether the Ethemet channel 
is enabled. 

If an address from the hash table must be deleted, the Ethernet channel should be 
disabled, the hash table registers should be cleared, and the SET GROUP ADDRESS 
command must be executed for the remaining desired addresses. This is required 
because the hash table may have mapped multiple addresses to the same hash table bit. 

7.10.23.11 ETHERNET ADDRESS RECOGNITION. The Ethernet controller can filter the 
received frames based on different addressing types: physical (referred to as individual), 
group (referred to as multicast), broadcast (an all-ones group address), and promiscuous. 
The difference between an individual address and a group address is determined by the 
l/G bit in the destination address field. A flowchart for address recognition on received 
frames is shown in Figure 7-70. 

In the physical type of address recognition, the Ethernet controller will compare the 
destination address field of the received frame with the physical address that the user 
programs in the PADDR1 . Alternatively, the user may perform address recognition on 
multiple individual addresses using the IADDR1-4 hash table. See 7.10.23.12 HASH 
Table Algorithm for more information. 

In the group type of address recognition, the Ethernet controller will determine whether the 
group address is a broadcast address. If broadcast addresses are enabled, then the frame 
is accepted. If the group address is not a broadcast address, then the user may perform 
address recognition on multiple group addresses using the GADDR1-4 hash table. See 

7.10.23.12 HASH Table Algorithm for more information. 

In the promiscuous mode, the Ether net cont roller will receive all the incoming frames 
regardless of their address, unless the RRJCT pin is asserted. 

If an external CAM is used for address recognition, then the user should select the 
promiscuous mode, and the frame can be rejected by assertion of the RRJCT pin during 
the reception of the frame. The on-chip address recognition functions may be used in 
addition to the external CAM address recognition functions. 

NOTE 

If the external CAM is used to store addresses tha t should be 
rejected, rather than accepted, then the use of the RRJCT pin 
by the CAM should be logically inverted. 



7-258 MC68360 USER'S MANUAL MOTOROLA 



Ethernet 



RECEIVE FRAME 

IGNOR E 

RRJCTPIN 








HASH SEARCH 

USE GROUP 

TABLE 



CHECK ADDRESS 




l/G ADDRESS 



MULTIPLE 

INDIVIDUAL 

ADDRESSES 



< 




HASH_SEARCH 

USE INDICATED 

TABLE 





MATCH? 



RECEIVE FRAME 

IGNOR E 

RRJCTPIN 



V V 



1, 




DISCARD FRAME 



START RECEIVE 

DIS CARD F RAME 

IF RRJCTPIN IS 

ASSERTED 



MULTIPLE 
INO 




-^^MATCH?^^- 



RECEIVE FRAME 

IGNOR E 

RRJCTPIN 



Figure 7-70. Ethernet Address Recognition Flowchart 
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7.10.23.12 HASH TABLE ALGORITHM. The hash table process used in the individual 
and group hash filtering operates as follows. The Ethernet controller maps any 48-bit 
address into one of 64 bins. The 64 bins are represented by 64 bits stored in GADDR1-4 
orlADDR1-4. 

When the SET GROUP ADDRESS command is executed, the Ethernet controller maps 
the selected 48-bit address into one of the 64 bits. This is performed by passing the 48-bit 
address through the on-chip 32-bit ORG generator and selecting 6 bits of the CRC- 
encoded result to generate a number between 1 and 64. Bits 31-30 of the CRC result 
select one of the four GADDRs or lADDRs, and bits 29-26 of the CRC result select the bit 
within the selected register. 

When a frame is received by the Ethernet controller, the same process is used. If the CRC 
generator selects a bit that is set in the group/individual hash table, the frame is accepted; 
otherwise, it is rejected. The result is that if eight group addresses are stored in the hash 
table, and random group addresses are received, the hash table prevents roughly 56/64 
(or 87.5%) of the group address frames from reaching memory. Those that do reach 
memory must be further filtered by the processor to determine if they truly contain one of 
the eight desired addresses. 

Better performance is achieved by using the group hash table and individual hash table at 
the same time. For instance, if eight group and eight physical addresses are stored in their 
respective hash tables, 87.5% of all frames (not just group address frames) are prevented 
from reaching memory. 

The effectiveness of the hash table declines as the number of addresses increases. For 
Instance, with 128 addresses stored in a 64-bin hash table, the vast majority of the hash 
table bits will be set, preventing only a small fraction of the frames from reaching memory. 
In such instances, an external CAM is advised if the extra bus utilization cannot be 
tolerated. See 7.1 0.23.7 CAM Interface for more details. 

NOTE 

If the user desires to utilize the hash table to store frames to be 
rejected, rather than frames to be accepted, the SET GROUP 
ADDRESS command should be used to create the hash table 
for all addresses. The user should then invert all 64 hash table 
bits prior to enabling the Ethernet receiver. 

7.10.23.13 INTERPACKET GAP TIME. The minimum interpacket gap time for back-to- 
back transmission is 9.6 jxs. The receiver can receive back-to-back frames with this 
minimum spacing. In addition, after the backoff algorithm, the transmitter will wait for 
carrier sense to be negated before retransmitting the frame. The retransmission will begin 
9.6 (iS after carrier sense is negated if carrier sense stays negated for at least 6.4 \is. 

7.10.23.14 COLLISION HANDLING. If a collision occurs during frame transmission, the 
Ethernet controller will continue the transmission for at least 32 bit times, transmitting a 
JAM pattern consisting of 32 ones. If the collision occurs during the preamble sequence, 
the JAM pattern will be sent after the end of the preamble sequence. 
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If a collision occurs within 64 byte times, the retry process is initiated. The transmitter will 
wait a random number of slot times. A slot time is 512 bit times (52 fis). If collision occurs 
after 64 byte times, then no retransmission is performed, and the buffer is closed with an 
LC error Indication. 

If a collision occurs during frame reception, the reception is stopped. This error will be 
reported in the BD only If the length of this frame Is greater than or equal to the MINFLR or 
if the RSH mode is enabled in the PSMR. 

7.10.23.15 INTERNAL AND EXTERNAL LOOPBACK. Both Internal and external 
loopback are supported by the Ethernet controller. In loopback mode, both of the SCC 
FIFOs are used, and the channel actually operates In a full-duplex fashion. Both intemal 
and extemal loopback are configured using combinations of the LPB bit in the PSI\^R and 
the DIAG bits in the GSIVIR. Because of the full-duplex nature of the loopback operation, 
the performance of the other SCCs will be degraded. 

Intemal loopback disconnects the SCC from the SI. The receive data is connected to the 
transmit data, and the receive clock is connected to the transmit clock. Both FIFOs are 
used. The transmitted data from the transmit FIFO is received Immediately Into the receive 
FIFO. There is no heartbeat check in this mode. 

In external loopback operation, the Ethernet controller listens for receive data from the 
EEST at the same time that it is transmitting. 

7.10.23.16 ETHERNET ERROR-HANDLING PROCEDURE. The Ethernet controller 
reports frame reception and transmission error conditions using the channel BDs, the error 
counters, and the Ethernet event register. 

7.10.23.16.1 Transmission Errors. The following paragraphs describe various types of 
Ethernet transmission errors. 

Transmitter Underrun. If this error occurs, the channel sends 32 bits that ensure a CRC 
error, terminates buffer transmission, closes the buffer, sets the UN bit in the Tx BD, and 
sets TXE in the Ethernet event register. The channel will resume transmission after 
reception of the RESTART TRANSMIT command. 

Carrier Sense Lost During Frame Transmission. When this error occurs and no collision is 
detected In this frame, the channel sets the CSL bit In the Tx BD and continues the buffer 
transmission nonnally. No retries are performed as a result of this error. 

Retransmission Attempts Limit Expired. When this error occurs, the channel terminates 
buffer transmission, closes the buffer, sets the RL bit in the Tx BD, and sets TXE. The 
channel will resume transmission after reception of the RESTART TRANSMIT command. 

Late Collision. When this error occurs, the channel terminates buffer transmission, closes 
the buffer, sets the LC bit in the Tx BD, and sets TXE. The channel will resume 
transmission after reception of the RESTART TRANSMIT command. 
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NOTE 

The definition of what constitutes a late collision is made in the 
LCW bit in the PSMR. 

Heartbeat. Some transceivers have a self-test feature called "heartbeat" or "signal quality 
error." To signify a good self-test, the transceiver indicates a collision to the QUICC within 
20 clocks after completion of a frame transmitted by the Ethernet controller. This indication 
of a collision does not imply a real collision error on the network, but is rather an indication 
that the transceiver still seems to be functioning properly. This is called the heartbeat 
condition. 

If the HBC bit is set in the Ethernet mode register and the heartbeat condition is not 
detected by the QUICC after a frame transmission, then a heartbeat error occurs. When 
this error occurs, the channel closes the buffer, sets the HB bit in the Tx BD, and 
generates the TXE interrupt if it is enabled. 

7.10.23.16.2 Reception Errors. The following paragraphs describe various types of 
Ethernet reception errors. 

Overrun Error. The Ethernet controller maintains an Internal FIFO for receiving data. If a 
receiver FIFO overrun occurs, the channel writes the received data byte to the internal 
FIFO over the previously received byte. The previous data byte and the frame status are 
lost. The channel closes the buffer, sets the OV bit in the Rx BD, sets RXF in the Ethernet 
event register, and increments the discarded frame counter (DISFC). The receiver then 
enters the hunt mode. 

Busy Error. A frame was received and discarded due to lack of buffers. The channel sets 
BSY in the Ethernet event register and increments the discarded frame counter (DISFC). 

Nonoctet Error (Dribbling Bits). The Ethernet controller can handle up to seven dribbling 
bits when the receive frame terminates nonoctet aligned. The Ethernet controller checks 
the CRC of the frame on the last octet boundary. If there is a CRC error, then the frame 
nonoctet aligned (NO) error is reported, the RXF bit is set, and the alignment error counter 
(ALEC) is incremented. If there is no CRC error, then no error is reported. 

CRC Error. When a CRC error occurs, the channel closes the buffer, sets the CR bit in the 
Rx BD, and sets the RXF bit. The channel also increments the CRC error counter 
(CRCEC). After receiving a frame with a CRC error, the receiver enters hunt mode. CRC 
checking cannot be disabled, but the CRC error may be ignored if checking is not 
required. 

7.10.23.17 ETHERNET MODE REGISTER (PSMR). The Ethernet mode register is a 16- 
blt, memory-mapped, read-write register that controls the SCC operation. The term 
Ethernet mode register refers to the PSMR of the SCC when that SCC is configured for 
Ethernet. This register is cleared at reset. 
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HBC— Heartbeat Checking 

= No heartbeat checking is performed. Do not wait for a collision after transmission. 

1 = Wait 20 transmit clocks (2 [xs) for a collision asserted by the transceiver after 

transmission. The HB bit in the Tx BD is set if the heartbeat is not heard within 20 
transmit clocks. 

FC — Force Collision 

0= Normal operation. 

1 = Force collision. The channel forces a collision on transmission of every transmit 
frame. The QUICC should be configured in loopback operation when using this 
feature, which allows the QUICC collision logic to be tested by the user. It will 
result in the retry limit being exceeded for each transmit frame. 

RSH — Receive Short Frames 

= Discard short frames (less than MINFLR in length) 

1 = Receive short frames 

lAM — Individual Address Mode 

= Normal operation. A single 48-bit physical address stored in PADDR1 is checked 

on receive. 

1 = The individual hash table is used to check all individual addresses that are 

received. 

CRC— CRC Selection 
00= Reserved. 
01 = Reserved. 

10 = 32-Bit CCITT-CRC (Ethemet). (X32 + X26 + X23 + X22 + X16 + X12 + X1 1 + 

X10 + X8 + X7 + X5 + X4 + X2 + XI +1). Select this to comply with Ethemet 
specifications. 

11 = Reserved. 

PRO — Promiscuous 

= Check the destination address of the incoming frames. 




1 = Receive the frame regardless of its address, unless the RRJCT pin is asserted 
during the frame reception. 

BRO— Broadcast Address 

= Receive all frames containing the broadcast address. 

1 = Reject all frames containing the broadcast address unless PRO = 1. 
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SBT— Stop Backoff Timer 

= The backoff timer functions normally. 

1 = The backoff timer (for the random wait after a collision) is stopped whenever 

carrier sense is active. In this method, the retransmission is less aggressive than 
the maximum allowed in the IEEE 802.3 standard. The persistence (P_Per) 
feature in the parameter RAIVI may be used in combination with the SBT bit (or in 
place of the SBT bit), if desired. 

LPB — Loopback Operation 

0= Normal Operation. 

1 = Loopback operation. The channel is configured into internal or external loopback 
operation as determined by the DIAG bits in the GSIVIR. For external loopback, 
the DIAG bits should be configured for normal operation. For internal loopback, 
the DIAG bits should be configured for loopback operation. 

SIP— Sample Input Pins 

0= Normal operation. 

1 = After the frame Is received, the value on the PB15-PB8 pins is sampled and 
written to the end of the last receive buffer of the frame. This value Is called a tag 
byte. If the frame is discarded, the Ethernet:tag byte is also discarded. 

LCW— Late Collision Window 

= The definition of a late collision is any collision that occurs 64 or more bytes from 

the preamble. 

1 = The definition of a late collision is any collision that occurs 56 or more bytes from 

the preamble. 

NIB — Number of Ignored Bits 
This parameter determines how soon after RENA assertion that the Ethernet controller 
should begin looking for the start frame delimiter. In most situations, the user would 
select 22 bits. 

000 = Begin searching for the SFD 13 bits after the assertion of RENA. 

001 = Begin searching for the SFD 14 bits after the assertion of RENA. 

010 = Begin searching for the SFD 15 bits after the assertion of RENA. 

01 1 = Begin searching for the SFD 16 bits after the assertion of RENA. 

100 = Begin searching for the SFD 21 bits after the assertion of RENA. 

101 = Begin searching for the SFD 22 bits after the assertion of RENA. 
110= Begin searching for the SFD 23 bits after the assertion of RENA. 
111 = Begin searching for the SFD 24 bits after the assertion of RENA. 

BitO — Reserved 

7.10.23.18 ETHERNET RECEIVE BUFFER DESCRIPTOR (Rx BD). The Ethernet 
controller uses the Rx BD to report information about the received data for each buffer. 
Figure 7-71 shows an Ethernet Rx BD example. 
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Figure 7-71. Ethernet Rx BD Example 
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NOTE: Entries in boldface must be initialized by the user. 

E— Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bIt remains zero. 

1 = The data buffer associated with this Rx BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 14, 9, 7, 6 — Reserved 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Rx BD table. 

1 = This is the last BD in the Rx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BD s in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt is generated after this buffer has been used. 

1 = The RXB bit or RXF bit in the Ethernet event register will be set when this buffer 

has been used by the Ethernet controller. These two bits may cause interrupts if 
they are enabled. 

L— Last in Frame 
This bit is set by the Ethernet controller when this buffer is the last in a frame. This 
implies the end of the frame or reception of an error, in which case one or more of the 
CL, OV, CR, SH, NO, and LG bits are set. The Ethernet controller will write the number 
of frame octets to the data length field. 

= The buffer is not the last in a frame. 

1 = The buffer is the last in a frame. 

F— First in Frame 
This bit Is set by the Ethernet controller when this buffer is the first in a frame. 

= The buffer is not the first in a frame. 

1 = The buffer is the first in a frame. 
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M — Miss 

This bit is set by the Ethernet controller for frames that were accepted in promiscuous 
mode, but were flagged as a "miss" by the internal address recognition. Thus, while in 
promiscuous mode, the user can use the M-bit to quickly determine whether the frame 
was destined to this station. This bit is valid only if the L-bit is set. 

= The frame was received because of an address recognition hit. 

1 = The frame was received because of promiscuous mode. 

LG— Rx Frame Length Violation 

A frame length greater than the maximum defined for this channel was recognized (only 
the maximum-allowed number of bytes is written to the data buffer). 

NO— Rx Nonoctet Aligned Frame 

A frame that contained a number of bits not divisible by 8 was received, and the CRC 
check that occurred at the preceding byte boundary generated an error. 

SH— Short Frame 
A frame length that was less than the minimum defined for this channel was recognized. 
This indication is possible only if the RSH bit is set in the PSMR. 

CR—Rx CRC Error 
This frame contains a CRC error. 

OV— Overrun 
A receiver overrun occurred during frame reception. 

CL— Collision 

This frame was closed because a collision occurred during frame reception. This bit will 
be set only if a late collision occurred or if the RSH bit is enabled In the PSMR. The late 
collision definition is determined by the LCW bit in the PSMR. 

Data Length 
The data length is the number of octets written by the CP into this BD's data buffer. It is 
written by the CP once as the buffer is closed. 

When this BD is the last BD in the frame (L = 1), the data length contains the total 
number of frame octets (including four bytes for CRC). 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 
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Rx Data Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated 
data buffer, may reside in either internal or external memory. This pointer must be 
divisible by 4. 

7.10.23.19 ETHERNET TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data is presented 
to the Ethernet controller for transmission on an SCC channel by arranging it in buffers 
referenced by the channel's Tx BD table. The Ethemet controller confirms transmission or 
indicates error conditions using the BDs to inform the host that the buffers have been 
serviced. 



OFFSET +0 
OFFSET + 2 
OFFSET + 4 
OFFSET + 6 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 3 


2 


1 





R 


PAD 


W 


1 


L 


TC 


DEF 


HB 


LC 


RL 


RC 


UN 


CSL 


DATA LENGTH 


TX DATA BUFFER POINTER 



NOTE: Entries in boldface must be initialized by the user. 




R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

PAD— Short Frame Padding 
This bit is valid only when the L-bit is set; othenwise, it is ignored. 

= Do not add PADs to short frames. 

1 = Add PADs to short frames. Pad bytes will be Inserted until the length of the 

transmitted frame equals the MINFLR. The PAD bytes are stored in PADs in the 
parameter RAM. 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Tx BD table. 

1 = This is the last BD in the Tx BD table. After this buffer has been used, the CP will 
receive incoming data Into the first BD in the table (the BD pointed to by TBASE). 
The number of Tx BD s in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt is generated after this buffer has been serviced. 

1 = The TXB bit or TXE bit will be set in the Ethernet event register after this buffer 

has been serviced. These bits can cause interrupts if they are enabled. 
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L— Last 

= This is not the last buffer in the transmit frame. 

1 = This Is the last buffer in the current transmit frame. 

TC— Tx CRC 
This bit is valid only when the L-bit is set; othenA/ise, it is ignored. 

= End transmission immediately after the last data byte. 

1 = Transmit the CRC sequence after the last data byte. 

The following status bits are written by the Ethernet controller after it has finished 
transmitting the associated data buffer. 

DEF^Defer Indication 
The QUICC had to defer while trying to transmit a frame. 

HB— Heartbeat 
The collision input was not asserted within 20 transmit clocks following the completion 
of transmission. This bit cannot be set unless the HBC bit is set in the PSMR. 

LC— Late Collision 

A collision has occurred after the number of bytes defined with the LCW bit in the PSMR 
(either 56 or 64) have been transmitted. The Ethernet controller will terminate the 
transmission. 

RL— Retransmission Limit 

The transmitter has failed Retry Limit + 1 attempts to successfully transmit a message 
due to repeated collisions on the medium. 

RC— Retry Count 
These four bits indicate the number of retries required before this frame was 
successfully transmitted. If RC = 0, then the frame was transmitted correctly the first 
time. If RC = 15 and RET_Lim = 15 In the parameter RAM, then 15 retries were 
required. If RC = 15 and RET_Lim > 15 in the parameter RAM, then 15 or more retries 
were required. 

UN— Underrun 

The Ethernet controller encountered a transmitter underrun condition while transmitting 
the associated data buffer. 

CSL— Carrier Sense Lost 
Carrier sense was lost during frame transmission. 
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Data Length 

The data length is the number of octets the Ethernet controller should transmit from this 
BD's data buffer. It is never modified by the CP. The value of this field should be greater 
than zero. 

Tx Data Buffer Pointer 
The transmit buffer pointer, which contains the address of the associated data buffer, 
may be even or odd. The buffer may reside in either internal or external memory. This 
value is never modified by the CP. 

7.10.23.20 ETHERNET EVENT REGISTER (SCCE). The SCCE is called the Ethernet 
event register when the SCC Is operating as an Ethernet controller. It is a 16-bit register 
used to report events recognized by the Ethernet channel and to generate interrupts. On 
recognition of an event, the Ethernet controller will set the corresponding bit in the 
Ethernet event register. Interrupts generated by this register may be masked in the 
Ethernet mask register. An example of interrupts that may be generated In the HDLC 
protocol Is given in Figure 7-72. 

The Ethernet event register is a memory-mapped register that may be read at any time. A 
bit is cleared by writing a one (writing a zero does not affect a bit's value). More than one 
bit may be cleared at a time. All unmasked bits must be cleared before the CP will clear 
the internal interrupt request. This register is cleared at reset. 
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Bits 15-8, 6-5— Reserved 

GRA— Graceful Stop Complete 
A graceful stop, which was initiated by the GRACEFUL STOP TRANSMIT command, Is 
now complete. This bit is set as soon the transmitter has finished transmitting any frame 
that was in progress when the command was issued. It will be set immediately if no 
frame was in progress when the command was issued. 

TXE — ^Tx Error 
An error occurred on the transmitter channel. 

RXF— Rx Frame 
A complete frame was received on the Ethernet channel. 

BSY— Busy Condition 
A frame was received and discarded due to lack of buffers. 

TXB— Tx Buffer 
A buffer has been transmitted on the Ethernet channel. 
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RXB— Rx Buffer 
A buffer that was not a complete frame has been received on the Ethemet channel. 



FRAME 
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NOTES: 

1. RXB event assumes receive buffers are 64 bytes each. 

2. The RENA events, if required, must be programmed in the port C parallel I/O, not in the SCO itself. 

3. The RXF interrupt may occur later than RENA due to receive FIFO latency. 

LEGEND: 

P « Preamble, SFD « Start Frame Delimiter, DA and SA » Source/Destination Address, T/L > Type/Length, 
D s Data, and CR = ORG bytes. 
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NOTES: 

1 . TXB events assume the frame required two transmit buffers. 

2. The GRA event assumes a GRACEFUL STOP TRANSMIT command was issued during frame transmission. 

3. The TENA or CLSN events, if required, must be programmed in the port C parallel I/O, not in the SCC itself. 

Figure 7-72. Ethernet Interrupt Events Example 

7.10.23.21 ETHERNET MASK REGISTER (SCCM). The SCCM is referred to as the 
Ethernet mask register when the SCC is operating as an Ethernet controller. It is a 16-bit 
read-write register that has the same bit formats as the Ethernet event register. If a bit in 
the Ethernet mask register is a one, the corresponding interrupt in the event register will 
be enabled. If the bit is zero, the corresponding interrupt in the event register will be 
masked. This register is cleared upon reset. 

7.10.23.22 ETHERNET STATUS REGISTER (SCCS). This register is not valid for the 
Ethernet protocol. The current state of the RENA and CLSN signals may be read in 
portC. 
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7.10.23.23 sec ETHERNET EXAMPLE. The following list is an initialization sequence for 
an Ethernet channel. SCC1 is used. The CLK1 pin is used for the Ethernet receiver, and 
the CLK2 pin is used for the Ethennet transmitter. 

1. Configure the port A pins to enable the TXD1 and RXD1 pins. Write PAPAR bits 
and 1 with ones. Write PADIR bits and 1 with zeros. Write PAODR bit 1 with 
zero. 



2. Configure the port C pins to enable CTS1 (CLSN) and CD1 (RENA). Write 
PCPAR bits 4 and 5 with zeros. Write PCDIR bits 4 and 5 with zero. Write 
peso bits 4 and 5 with ones. 




3. Do not enable the RTS1 (TENA) pin yet because the pin is still functioning as RTS 
(inactive in the high state), and transmission on the l-AN could accidentally begin. 

4. Configure port A to enable the CLK1 and CLK2 pins. Write PAPAR bits 8 and 9 
with a ones. Write PADIR bits 8 and 9 with zeros. 

5. Connect the CLK1 and CLK2 pins to SCC1 using the SI. Write the R1 CS bits in 
SICR to 1 00. Write the T1 CS bits in SICR to 1 01 . 

6. Connect the SCC1 to the NMSI (i.e., its own set of pins). Clear the SCI bit 
in the SICR. 

7. Write RBASE and TBASE in the SMC parameter RAM to point to the Rx BD and 
Tx BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port 
RAM, and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE 
with $0008. 

8. Write RFCR with $18 and TFCR with $18 for normal operation. 

9. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 1520 bytes, so MRBLR = $05F0. (In this example, the user wants to 
receive an entire frame into one buffer, so the MRBLR value is simply chosen to be 
the first value larger than 1518 that is evenly divisible by 4). 

1 0. Write C_PRES with $FFFFFFFF to comply with 32-bit CCITT-CRC. 

1 1 . Write C_MASK with $DEBB20E3 to comply with 32-bit CCITT-CRC. 

1 2. Clear CRCEC, ALEC, and DISFC for the sake of clarity. 

13. Write PAD with $8888 for the PAD value. 

14. Write RET_Llm with $000F. 

15. Write MFLR with $05EE to make the maximum frame size 1518 bytes. 

16. Write MINFLR with $0040 to make the minimum frame size 64 bytes. 

17. Write MAXD1 and MAXD2 with $05EE to make the maximum DMA count 
1518 bytes. 

18. Clear GADDR1-GADDR4. The group hash table is not used. 

19. Write PADDR1_H with $0000, PADDR1_M with $0000, and PADDR1_L 
with $0040 to configure the physical address. 

20. Write P_Per with $0000. It is not used. 

21 . Clear IADDR1-IADDR4. The individual hash table is not used. 

22. Clear TADDR_H, TADDR_M, and TADDR_L for the sake of clarity. 
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23. Initialize the Rx BD. Assume the Rx data buffer is at $00001 000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required- 
done for instructional purposes only). Write $00001 000 to Rx_BD_Pointer. 

24. Initialize the Tx BD. Assume the Tx data frame is at $00002000 in main memory 
and contains fourteen 8-bit characters (destination and source addresses plus 
the type field). Write $FCOO to Tx_BD_Status. Add PAD to the frame and 
generate a CRC. Write $000D to Tx_BD_Length. Write $00002000 to 
Tx_BD_Pointer. 

25. Write $FFFF to the SCCE to clear any previous events. 

26. Write $001 A to the SCCM to enable the TXE, RXF, and TXB interrupts. 

27. Write $40000000 to the CIMR to allow SCC1 to generate a system intermpt. (The 
CICR should also be initialized.) 

28. Write $00000000 to GSMR_H1 to enable normal operation of all modes. 

29. Write $10880000 to GSMR_L1 to configure the CTS (CLSN) and CD (RENA) pins 
to automatically control transmission and reception (DIAG bits) and the Ethernet 
mode. TCI is set to allow more setup time for the EEST to receive the QUICC's 
transmit data. TPL and TPP are set as required for Ethernet. The DPLL is not used 
with Ethernet. Notice that the transmitter (ENT) and receiver (ENR) have not been 
enabled yet. 

30. Write $D555 to DSR 

31 . Set the PSMR4 to $OAOA to configure 32-bit CRC, promiscuous mode (receive all 
frames), and begin searching for the start frame delimiter 22 bits after RENA. 

32. Enable the TENA pin (RTS). Since the MODE bits in GSMR have been written 
to Ethemet, the TENA signal is low. Write PCPAR bit with a one. Write 
PODIR bit with a zero. 

33. Write $10880030 to GSMR_L1 to enable the S001 transmitter and receiver. This 
additional write ensures that the ENT and ENR bits will be enabled last. 

NOTE 

After 14 bytes and the 46 bytes of automatic pad (plus the 4 
bytes of CRC) have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after a frame is 
received. Any additional receive data beyond 1520 bytes or a 
single frame will cause a busy (out-of-buffers) condition since 
only one Rx BD was prepared. 
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7.1 1 SERIAL MANAGEMENT CONTROLLERS (SMCs) 

The SMC key features are as follows: 

• Each SMC Can Implement the UART Protocol on Its Own Pins. 

• Each SMC Can Implement a Totally Transparent Protocol on a Multiplexed Line or on 
a Nonmultiplexed Line. This Mode Can Also Be Used for a Fast Connection Between 
QUICCs. 

• Each SMC Channel Fully Supports the C/l and Monitor Channels of the GCI (IOM-2) 
in ISDN Applications. 

• Two SMCs Fully Support the Two Sets of C/l and Monitor Channels In the SCIT 
Channel and Channel 1 . 

• Full-Duplex Operation. 

• Local Loopback and Echo Capability for Testing. 

7.11.1 SMC Overview 

The SMCs are two full-duplex ports that may be independently configured to support any 
one of three protocols: UART, transparent, or GCI. 

The SMCs can support simple UART operation for such purposes as providing a 
debug/monitor port in an application, allowing the four SCCs to be free for another 
purpose. The UART functionality of the SMCs is reduced as compared to the SCCs. The 
SMC clock can be derived from one of the four internal baud rate generators or from an 
external clock pin. The clock provided to the SMC should be a 16x clock. 

The SMCs can also support totally transparent operation. In this mode, the SMC may be 
connected to a TDM channel (such as a T1 line) or directly to Its own set of pins. The 
receive and transmit clocks can be derived from the TDM channel, the internal baud rate 
generators, or from an external clock. In either case, the clock provided to the SMCs 
should be a 1x clock. The transparent protocol also allows the use of an external 
synchronization pin for the transmitter and receiver. The transparent functionality of the 
SMCs is reduced as compared to the SCCs. 

Finally, each SMC can support the C/l and monitor channels of the GCI bus (IOM-2). In 
this case, the SMC is connected to a TDM channel in the SI. See 7.8 Serial Interface 
with Time Slot Assigner for the details of configuring the GCI interfaces. 

The SMCs support loopback and echo modes for testing. 

NOTE 

In the MC68302, the SMCs also provide support for the A and 
M bits of the IDL definition. Since the IDL definition has been 
modified to eliminate the A and M bits, the QUICC does not 
provide special SMC support for IDL; however, the A and M 
bits may still be routed to the SMC using the TSA, if desired. 
The SMC would be configured into transparent mode for this 
operation. 
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Refer to Figure 7-73 for the SMC block diagram. The SMC receiver and transmitter are 
double-buffered, as shown in the blocl< diagram. This corresponds to an effective FIFO 
size (latency) of two characters. 
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Figure 7-73. SMC Block Diagram 

The receive data source for an SMC can be either the L1 RXD pin if the SMC is connected 
to a TDM channel of the SI, or the SMRXD pin if the SMC is connected to the NMSI. The 
transmit data source can either be the L1TXD pin if the SMC is connected to a TDM, or 
the SMTXD pin if the SMC is connected to the NMSI. 

If the SMC Is connected to a TDM, the SMC receive clocl< and SMC transmit clock can be 
independent from each other as defined in the SI description. However, if the SMC is 
connected to the NMSI, the SMC receive clock and SMC transmit clock must be 
connected to a single clock source called SMCLK. SMCLK is an internal signal name for a 
clock that is generated from the bank of clocks defined in the SI description. SMCLK may 
originate from an external pin or one of the four internal baud rate generators. See 7.8.8 
NI\/ISi Configuration for more details. 

If the SMC is connected to a TDM, it derives its synchronization pulse from the TSA as 
defined in the SI description. Otherwise, if the SMC Is connected to the NM SI and the 
totally transparent protocol is selected, the SMC may use the SMSYN pin as a 
synchro nization pin to determine when transmission and reception should begin. (The 
SMSYN pin is not used In the SMC UART mode.) 
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7.11.2 General SMC Mode Register (SMCMR) 

The operating mode of each SMC port is defined by the 16-bit, memory-mapped, read- 
write SMCMR. See the specific SMC protocol for more information on this register. 

7.11.3 SMC Buffer Descriptors 

When the SMCs are configured to operate in GCI mode, the memory structure for the 
SMCs is pre-defined to be one word long for transmit and one word long for receive. 
These one-word structures are detailed later when the GCI operation is described in more 
detail. 

However, In UART and transparent modes of operation, the SMCs have a memory 
structure that is like that of the SCCs. The data associated with the SMCs is stored In 
buffers. Each buffer is referenced by BD organized in a buffer descriptor ring located In 
the dual-port RAM (see Figure 7-74). 
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Figure 7-74. SI\/IC l\/lemory Structure 

The BD ring allows the user to define buffers for transmission and buffers for reception. 
Each BD ring forms a circular queue. The CP confirms reception and transmission (or 
indicates error conditions) using the BDs to inform the processor that the buffers have 
been serviced. 

The actual buffers may reside in either external memory or internal memory. Data buffers 
may reside in the parameter area of an SCC or SMC if that channel is not enabled. 
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7.11.4 SMC Parameter RAM 



Each SMC parameter RAM area begins at the same offset from each SMC base area. 
The protocol-specific portions of the SMC parameter RAM are discussed in the specific 
protocol descriptions. The part of the SMC parameter RAM that is the same for the DART 
and transparent SMC protocols Is shown in Table 7-1 1 . The following discussion does not 
apply to the GCI SMC protocol, which has its own parameter RAM. 

Table 7-11. SMC UART and Transparent 
General-Purpose Parameter RAM 



Address 


Name 


Width 


Description 


SMC Base + 00 


RBASE 


Word 


Rx Buffer Descriptors Base Address 


SMC Base + 02 


TBASE 


Word 


Tx Buffer Descriptors Base Address 


SMC Base + 04 


RFCR 


Byte 


Rx Function Code 


SMC Base -«- 05 


TFCR 


Byte 


Tx Function Code 


SMC Base + 06 


MRBLR 


Word 


Maximum Receive Buffer Length 


SMC Base + 08 


RSTATE 


Long 


Rx Internal State 


SMC Base + OC 




Long 


Rx Internal Data Pointer 


SMC Base •!■ 10 


RBPTR 


Word 


Rx Buffer Descriptor Pointer 


SMC Base + 12 




Word 


Rx Intemal Byte Count 


SMC Base -1-14 




Long 


Rx Temp 


SMC Base + 18 


TSTATE 


Long 


Tx Internal State 


SMC Base -1-1 C 




Long 


Tx Internal Data Pointer 


SMC Base -i- 20 


TBPTR 


Word 


Tx Buffer Descriptor Pointer 


SMC Base + 22 




Word 


Tx Internal Byte Count 


SMC Base ■•• 24 




Long 


Tx Temp 


SMC Base -t- 28 






First Word of Protocol Specific Area 


SMC Base + 36 






Last Word of Protocol Specific Area 




NOTE: The boldfaced items should be initialized by the user. 

Certain parameter RAM values (marked In boldface) need to be Initialized by the user 
before the SMC Is enabled; other values are Initialized/written by the CP. Once Initialized, 
most parameter RAM values will not need to be accessed In user software since most of 
the activity Is centered around the transmit and receive BDs, not the parameter RAM. 
However, If the parameter RAM Is accessed by the user, the following restrictions should 
be noted. The parameter RAM can be read at any time. The parameter time values 
related to the SMC transmitter can only be written whenever the TEN bit In the SMC mode 
register is zero, after a STOP TRANSMIT and before a RESTART TRANSMIT command, 
or after the buffer/frame completes transmission as a result of a GRACEFUL STOP 
TRANSMIT command and before a RESTART TRANSMIT command. The parameter 
RAM values related to the SMC receiver can only be written whenever the REN bit In the 
SMC mode register is zero or If the receiver has previously been enabled after an ENTER 
HUNT MODE command or CLOSE Rx BD command before the REN bit is set. 
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7.11.4.1 BD TABLE POINTER (RBASE, TBASE). The RBASE and TBASE entries define 
the starting location in the dual-port RAM for the set of BDs for receive and transmit 
functions of the SIVIC. This provides a great deal of flexibility in how BDs for an SMC are 
partitioned. By selecting RBASE and TBASE entries for all SMCs, and by setting the W-bit 
in the last BD in each BD list, the user may select how many BDs to allocate for the 
transmit and receive side of every SMC. The user must initialize these entries before 
enabling the corresponding channel. Furthermore, the user should not configure BD tables 
of two enabled SMCs to overlap, or erratic operation will occur. 

NOTE 

RBASE and TBASE should contain a value that is divisible by 8. 

7.11.4.2 SMC FUNCTION CODE REGISTERS (RFCR, TFCR). There are eight separate 
function code registers for the two SMC channels: four for receive data buffers (RFCRx) 
and four for transmit data buffers (TFCRx). The FC entry contains the value that the user 
would like to appear on the function code pins FC3-FC0 when the associated SDMA 
channel accesses memory, it also controls the byte-ordering convention to be used in the 
transfers. 

Receive Function Code Register 



— 


MOT 


FC3-FC0 



Bits 7-5 — Resen/ed 

MOT— Motorola 

This bit should be set by the user to achieve normal operation. MOT must be set if the 
data buffer is located in external memory and has a 16-bit wide memory port size. 

= DEC (and Intel) convention is used for byte ordering— swapped operation. It is 

also called little-endian byte ordering. The bytes stored in each buffer word are 
reversed as compared to the Motorola mode. 

1 = Motorola byte ordering — nonmal operation. It is also called big-endian byte 

ordering. As data is received from the serial line and put into the buffer, the most 
significant byte of the buffer word contains data received eariier than the least 
significant byte of the same buffer word. 

FCS-FCO— Function Code 3-0 

These bits contain the function code value used during this SDMA channel's memory 
accesses. The user should write bit FC3 with a one to identify this SDMA channel access 
as a DMA-type access. Example: FC3-FC0 = 1000 (binary). Do not write the value 01 1 1 
(binary) to these bits. 
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Transmit Function Code Register 



— 


MOT 


FC3-FC0 



Bits 7-5 — Reserved 

I^OT— Motorola 

This bit should be set by the user to achieve normal operation. MOT must be set if the 
data buffer is located in external memory and has a 16-bit wide memory port size. 

= DEC (and Intel) convention is used for byte ordering — ^swapped operation. It is 

also called little-endian byte ordering. The transmission order of bytes within a 
buffer word is reversed as compared to the Motorola mode. 

1 = Motorola byte ordering — nornial operation. It Is also called big-endian byte 

ordering. As data is transmitted onto the serial line from the data buffer, the most 
significant byte of the buffer word contains data to be transmitted earlier than the 
least significant byte of the same buffer word. 

FC3-FC0— Function Code 3-0 
These bits contain the function code value used during this SOMA channel's memory 
accesses. The user should write bit FC3 with a one to identify this SOMA channel 
access as a DMA-type access. Example: FC3-FC0 = 1000 (binary). Do not write the 
value 01 1 1 (binary) to these bits. 

7.11.4.3 MAXIMUM RECEIVE BUFFER LENGTH REGISTER (MRBLR). Each SMC has 
one MRBLR to define the receive buffer length for that SMC. MRBLR defines the 
maximum number of bytes that the QUICC will write to a receive buffer on that SMC 
before moving to the next buffer. The QUICC may write fewer bytes to the buffer than 
MRBLR if a condition such as an error or end-of-frame occurs, but it will never write more 
bytes than the MRBLR value. It follows, then, that buffers supplied by the user for use by 
the QUICC should always be of size MRBLR (or greater) in length. 

The transmit buffers for an SMC are not affected in any way by the value programmed Into 
MRBLR. Transmit buffers may be individually chosen to have varying lengths, as needed. 
The number of bytes to be transmitted Is chosen by programming the data length field in 
the Tx BD. 

NOTES 

MRBLR should not be changed dynamically while an SMC is 
operating. However, if it is modified in a single bus cycle with 
one 16-bit move (not two 8-bit bus cycles back-to-bacl<), then a 
dynamic change in receive buffer length can be successfully 
achieved. This occurs when the OR moves control to the next 
Rx BD in the table. Thus, a change to MRBLR will not have an 
immediate effect. To guarantee the exact Rx BD on which the 
change will occur, the user should change MRBLR only while 
the SMC receiver is disabled. 
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The MRBLR value should be greater than zero, and should be 
even if the character length of the data is greater than 8 bits. 

7.11.4.4 RECEIVER BUFFER DESCRIPTOR POINTER (RBPTR). The RBPTR for each 
SMC channel points to the next BD that the receiver will transfer data to when it is in idle 
state or to the current BD during frame processing. After a reset or when the end of the 
BD table is reached, the CP initializes this pointer to the value programmed in the RBASE 
entry. Although RBPTR need never be written by the user In most applications, it may be 
modified by the user when the receiver is disabled or when the user is sure that no receive 
buffer is currently In use. 

7.11.4.5 TRANSMITTER BUFFER DESCRIPTOR POINTER (TBPTR). The TBPTR for 
each SMC channel points to the next BD that the transmitter will transfer data from when it 
is in idle state or to the current BD during frame transmission. After a reset or when the 
end of the BD table is reached, the CP initializes this pointer to the value programmed in 
the TBASE entry. Although TBPTR need never be written by the user in most applications, 
it may be modified by the user when the transmitter is disabled or when the user is sure 
that no transmit buffer is currently in use (e.g., after a STOP TRANSMIT command Is 
issued, or after a GRACEFUL STOP TRANSMIT command is issued, and the frame 
completes its transmission.) 

7.11.4.6 OTHER GENERAL PARAMETERS. Additional parameters are listed in Table 
7-5. These parameters do not need to be accessed by the user in normal operation, and 
are listed only because they may provide helpful information for experienced users and for 
debugging. 

The Rx and Tx internal data pointers are updated by the SDMA channels to show the next 
address in the buffer to be accessed. 

The Tx internal byte count is a down-count value that is initialized with the Tx BD data 
length and decremented with every byte read by the SDMA channels. The Rx Intemal byte 
count is a down-count value that is initialized with the MRBLR value and decremented 
with every byte written by the SDMA channels. 

NOTE 

To extract data from a partially full receive buffer, the CLOSE 
Rx BD command may be used. 

The Rx internal state, Tx internal state, Rx temp, Tx temp, and reserved areas are for 
RISC use only. 

7.11.5 Disabling the SMCs on the Fly 

If an SMC is not needed for a period of time, it may be disabled and re-enabled later. In 
this case, a sequence of operations is followed. 

This sequence ensures that any buffers in use will be properly closed and that new data 
will be transferred to/from a new buffer. Such a sequence Is required if the parameters 
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that must be changed are not allowed to be changed dynamically. If the register or bit 
description states that dynamic (on-the-fly) changes are allowed, the following sequences 
are not required, and the register or bit may be changed immediately. In all other cases, 
the sequence should be used. For instance, the based rate generators allow on-the-fly 
changes. 

NOTES 

The modification of parameter RAM does not require a full 
disabling of the SMC. See the parameter RAM description for 
details on when parameter RAM values may be modified. 

If the user desires to disable all SCCs, SMCs, and SPI, then 
the CR may be used to reset the entire CP with a single 
command. 

7.11.5.1 SMC TRANSMITTER FULL SEQUENCE. For the SMC transmitter, the full 
disable and enable sequence is as follows: 

1 . STOP TRANSMIT command. This command is recommended if the SMC is 
currently in the process of transmitting data since it stops transmission in an orderly 
way. If the SMC is not transmitting (e.g., no Tx BDs are ready), then the STOP 
TRANSMIT command is not required. Furthermore, if the TBPTR will be ovenwritten 
by the user or the INIT TX PARAMETERS command will be executed, this 
command is not required. 

2. Clear the TEN bit in the SMCMR. This disables the SMC transmitter and puts it in a 
reset state. 

3. Make modifications. The user may make modifications to the SMC transmit 
parameters including the parameter RAM. If the user desires to switch protocols or 
restore the SMC transmit parameters to their initial state, the INIT TX 
PARAMETERS command may now be issued. 

4. RESTART TRANSMIT command. This command Is required If the INIT TX 
PARAMETERS command was not issued in step 3. 

5. Set the TEN bit in the SMCMR. Transmission will now begin using the Tx BD 
pointed to by the TBPTR value as soon as the Tx BD R-bit Is set. 

7.11.5.2 SMC TRANSMITTER SHORTCUT SEQUENCE. A shorter sequence is possible 
if the user desires to reinitialize the transmit parameters to the state they had after reset. 
This sequence is as follows: 

1. Clear the TEN bit in the SMCMR. 

2. INIT TX PARAMETERS command. Any additional modifications may now be made. 

3. Set the TEN bit In the SMCMR. 

7.11.5.3 SMC RECEIVER FULL SEQUENCE. For the receiver, the full disable and enable 
sequence is as follows: 

1 . Clear the REN bit in the SMCMR. Reception will be aborted immediately. This 
disables the receiver of the SMC and puts it in a reset state. 
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2. Make modifications. The user may mal<e modifications to the SMC receive 
parameters including the parameter RAM. If the user desires to switch protocols or 
restore the SMC receive parameters to their initial state, the INIT RX PARAMETERS 
command may now be issued. 

3. CLOSE Rx BD command. This command is required if the INIT RX PARAMETERS 
command was not issued in step 2. 

4. Set the REN bit in the SMCMR. Reception will now begin immediately using the Rx 
BD pointed to by the RBPTR if the Rx BD E-bit is set. 

7.11.5.4 SMC RECEIVER SHORTCUT SEQUENCE. A shorter sequence Is possible if the 
user desires to reinitialize the receive parameters to the state they had after reset. This 
sequence is as follows: 

1. Clear the REN bit in the SMCMR. 

2. INIT RX PARAMETERS command. Any additional modifications may now be made. 

3. Set the REN bit in the SMCMR. 

7.11.5.5 SWITCHING PROTOCOLS. Sometimes the user desires to switch the protocol 
that the SMC is executing (for instance, UART to HDLC) without resetting the board or 
affecting any other SMC. This can be accomplished using only one command and a short 
number of steps: 

1. Clear the TEN and REN bits in the SMCMR. 

2. INIT TX AND RX PARAMETERS command. This one command initializes both 
transmit and receive parameters. Any additional modifications may now be made in 
the SMCMR to change the protocol, etc. 

3. Set the SMCMR TEN and REN bits. The SMC is enabled with the new protocol. 

7.11.6 Saving Power 

When the TEN and REN bits of an SMC are cleared, that SMC consumes a minimal 
amount of power. 

7.11.7 SMC as a UART 

The following paragraphs describe the use of the SMC as a UART. 

7.11.7.1 SMC UART KEY FEATURES. The SMC UART contains the following key 
features: 

• Flexible Message-Oriented Data Structure 

• Programmable Data Length (5-14 Bits) 

• Programmable 1 or 2 Stop Bits 

• Even/Odd/No Parity Generation and Checking 

• Frame Error, Break, and IDLE Detection 

• Transmit Preamble and Break Sequences 

• Received Break Character Length Indication 

• Continuous Receive and Transmit Modes 
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7.11.7.2 SMC UART COMPARISON. As compared to the UART modes supported by the 
SCCs, the SMCs generally offer less functionality and performance. This fits with their 
purpose of providing simple debug/monitor ports rather than full-featured UARTs. The 
SMC UARTs do not support the following features: 

RTS, RTS, and CD Pins 

Receive and Transmit Sections Being Clocked at Different Rates 

Fractional Stop Bits 

Built-in Multidrop Modes 

Freeze Mode for Implementing Flow Control 

Isochronous Operation (1x Clock) 

Interrupts upon Receiving Special Control Characters 

Ability To Transmit Data on Demand using the TODR 

SCCS Register To Detemiine Idle Status of the Receive Pin 

Other Features for the SCCs as Described in the GSMR 

The SMCs in UART mode, however, do provide one feature not provided by the regular 
SCCs. The SMCs allow a data length option of up to 14 bits; whereas, the SCCs provide a 
data length up to 8 bits. See Figure 7-75 for the SMC UART frame format. 




5 T0 14 DATA BITS WITH THE 
LEAST SIGNIFICANT BIT FIRST 



OFTIONAL 



SMTXD 



START 
BIT 



PAR. 
BIT 



10R2 
STOP BITS 



SMCLK 
16x 



(CLOCK NOT TO SCALE) 



Figure 7-75. SMC UART Frame Format 

7.11.7.3 SMC UART MEMORY MAP. When configured to operate in UART mode, the 
OUICC overlays the structure listed In Table 7-5 with the UART-specific parameters 
described In Table 7-1 2. 
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Table 7-12. SMC UART-Specific Parameter RAM 



Address 


Name 


Width 


Description 


SMC Base + 28 


MAXJDL 


Word 


Maximum Idle Characters 


SMC Base -i- 2A 


IDLC 


Word 


Temporary Idle Counter 


SMC Base + 2C 


BRKLN 


Word 


Last Received Break Length 


SMC Base -t- 2E 


BRKEC 


Word 


Receive Break Condition Counter 


SMC Base -t-30 


BRKCR 


Word 


Break Count Register (Transmit) 


SMC Base +32 


R_rnask 


Word 


Temporary Bit Mask 




MAX_IDL. Once a character of data is received on tlie line, the UART controller begins 
counting any idle characters received. If a MAX_IDL number of idle characters is received 
before the next data character is received, an idle timeout occurs, and the buffer is closed. 
This, in turn, can produce an interrupt request to the CPU32+ core to receive the data 
from the buffer. Thus, MAX_IDL provides a convenient way to demarcate frames in the 
UART mode. If the MAX_IDL functionality is not desired, the user should program 
MAXJDL to $0000, and the buffer will never be closed, regardless of the number of idle 
characters received. A character of idle is calculated as the following number of bit times: 
1 + data length (5 to 14) + 1 (if parity bit is used) + number of stop bits (1 or 2). Example: 
for 8 data bits, no parity, and 1 stop bit, the character length is 10 bits. 

IDLC. This value is used by the RISC to store the current idle counter value in the 
MAXJDL timeout process. IDLC is a down-counter; it does not need to be initialized or 
accessed by the user. 

BRKLN. This value is used to store the length of the last break character received. This 
value is the length in bits of that character. Example: If the receive pin is low for 257 bit 
times, BRKLN will show the value $0101. BRKLN is accurate to within one character unit 
of bits. For example, for 8 data bits, no parity, 1 stop bit, and 1 start bit, BRKLN is 
accurate to within 10 bits. 

BRKEC. This counter counts the number of break conditions that occurred on the line. 
Note that one break condition may last for hundreds of bit times, yet this counter is 
incremented only once during that period. 

BRKCR. The SMC UART controller will send an a break character sequence whenever a 
STOP TRANSMIT command is given. The number of break characters sent by the UART 
controller is determined by the value in BRKCR. In the case of 8 data bits, no parity, 1 
stop bit, and 1 start bit, each break character is 10 bits in length and consists of all zeros. 

7.11.7.4 SMC UART TRANSMISSION PROCESSING. The UART transmitter Is designed 
to work with almost no intervention from the CPU32+ core. When the CPU32+ core 
enables the SMC transmitter, it will start transmitting idles. The SMC immediately polls the 
first BD in the transmit channel's BD ring, and thereafter once every character time, 
depending on the character length (I.e., every 7 to 16 serial clocks). When there is a 
message to transmit, the SMC will fetch the data from memory and start transmitting the 
message. 
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When a BD's data has been completely written to the transmit FIFO, the SMC writes the 
message status bits into the BD and clears the R-bit. An interrupt is issued if the 1-bit in 
the BD is set. If the next Tx BD is ready, the data from its data buffer will be appended to 
the previous data and transmitted out on the transmit pin, with no gaps occurring between 
buffers. If the next Tx BD is not ready, the SMC will start transmitting idles and wait for the 
next Tx BD to become ready. 

By appropriately setting the 1-bit in each BD, interrupts can be generated after the 
transmission of each buffer, a specific buffer, or each block. The SMC will then proceed to 
the next BD in the table. 

If the CM bit is set in the Tx BD, the R-bit will not be cleared, allowing the associated data 
buffer to be retransmitted automatically when the CP next accesses this data buffer. For 
instance, if a single Tx BD is initialized with the CM bit set and the W-bit set, the data 
buffer will be continuously transmitted until the user clears the R-bit of the BD. 

7.11.7.5 SMC UART RECEPTION PROCESSING. When the CPU32+ core enables the 
SMC receiver in UART mode, it will enter hunt mode, waiting for the first character to 
arrive. Once the first character arrives, the first Rx BD is checked by the CP to see if it is 
empty. It then begins storing characters in the associated data buffer. 

When the data buffer has been filled or the MAX_IDL timer has expired (assuming it was 
enabled), the SMC clears the E-bit in the BD and generates an interrupt if the 1-bit in the 
BD is set. If the incoming data exceeds the length of the data buffer, the SMC will fetch 
the next BD in the table and, if it is empty, will continue to transfer data to this BD's 
associated data buffer. 

If the CM bit is set in the Rx BD, the E-bit will not be cleared, allowing the associated data 
buffer to be overwritten automatically when the CP next accesses this data buffer. 

7.11.7.6 SMC UART PROGRAMMING MODEL. An SMC configured as a UART uses the 
same data structure as in the other modes. The SMC UART data structure supports 
multibuffer operation. The SMC UART allows the user to transmit break and preamble 
sequences. Overrun, parity, and framing errors are reported via the BDs. In its simplest 
form, the SMC UART can function in a character-oriented environment. Each character is 
transmitted with accompanying stop bits and parity (as configured by the user), and 
received into separate 1-byte buffers. Reception of each buffer may generate a maskable 
interrupt. 

Many applications may want to take advantage of the message-oriented capabilities 
supported by the SMC UART by using linked buffers (in either receive or transmit). In this 
case, data is handled in a message-oriented environment; users can work on entire 
messages rather than operating on a character-by-character basis. A message may span 
several linked buffers. Each message can be both transmitted and received as a linked list 
of buffers without any intervention from the CPU32+, which achieves both ease in 
programming and significant savings in processor overhead. 
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in the message-oriented environment, tlie idle sequence is used as the message 
delimiter. The transmitter is able to generate an Idle sequence before starting a new 
message, and the receiver is able to close a buffer upon detection of idle sequence. 

7.11.7.7 SMC UART COMMAND SET. The following transmit and receive commands are 
issued to the OR. 

7.11.7.7.1 Transmit Commands. The following paragraphs describe the SMC UART 
transmit commands. 

STOP TRANSMIT Command. The channel STOP TRANSMIT command disables the 
transmission of characters on the transmit channel. If this command is received by the 
SMC UART controller during message transmission, transmission of that message is 
aborted. The SMC UART completes transmission of any data already transferred to its 
FIFO and shift register (up to two characters) and then stops transmitting data. The 
TBPTR is not advanced when this command is issued. 

The SMC UART transmitter will transmit a programmable number of break sequences and 
then start to transmit idles. The number of break sequences (which may be zero) should 
be written to the break count register before this command is given to the SMC UART 
controller. 

RESTART TRANSMIT Command. The RESTART TRANSMIT command enables the 
transmission of characters on the transmit channel. This command is expected by the 
SMC UART controller after disabling the channel in its SCO mode register and after the 
STOP TRANSMIT command. The SMC UART controller will resume transmission from 
the current TBPTR In the channel's Tx BD table. 

INIT TX PARAMETERS Command. This command initializes all the transmit parameters 
in this serial channel's parameter RAM to their reset state. This command should only be 
issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.11.7.7.2 Receive Commands. The following paragraphs describe the UART receive 
commands. 

ENTER HUNT MODE Command. This command should not be used for an SMC UART 
channel. The CLOSE RX BD command may be used instead. 

CLOSE RX BD Command. The CLOSE RX BD command Is used to force the SMC to 
close the current receive BD if it is currently being used, and to use the next BD in the list 
for any subsequent data that is received. If the SMC is not in the process of receiving 
data, no action is taken by this command. 

INIT RX PARAMETERS Command. This command Initializes all the receive parameters 
in this serial channel's parameter RAM to their reset state. This command should only be 
issued when the receiver is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both receive and transmit parameters. 
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7.11.7.8 SEND BREAK (TRANSMITTER). A break is an all-zeros character without stop 
bits. A break is sent by issuing the STOP TRANSMIT command. The SMC UART 
completes transmission of any outstanding data and then sends a character with 
consecutive zeros (the number of zero bits in this character is the sum of the character 
length, plus the number of start, parity, and stop bits). The SMC UART transmits a 
programmable number of break characters according to the break count register and then 
reverts to idle or sends data if the RESTART TRANSMIT command was given before 
completion. At the completion of the break, the transmitter sends at least one character of 
idle before transmitting any data to guarantee recognition of a valid start bit. 

7.11.7.9 SENDING A PREAMBLE (TRANSMITTER). A preamble sequence gives the 
programmer a convenient way of ensuring that the line goes idle before starting a new 
message. The preamble sequence length is constructed of consecutive ones of one 
character length. If the preamble bit in a BD is set, the SMC will send a preamble 
sequence before transmitting that data buffer. Example: for 8 data bits, no parity, 1 stop 
bit, and 1 start bit, a preamble of 10 ones would be sent before the first character in the 
buffer. 

If no preamble sequence is sent, data from two ready transmit buffers may be transmitted 
without any delay occurring on the transmit pin between the two transmit buffers. 

7.11.7.10 SMC UART ERROR-HANDLING PROCEDURE. The SMC UART reports 
character reception error conditions via the channel buffer descriptors, and the SMC 
UART event register. There are no transmission errors for the SMC UART controller. 

7.11.7.10.1 Overrun Error. The SMC UART maintains a two-character length FIFO for 
receiving data (shift register plus data register). The data will be moved to the buffer after 
the first character is received into the FIFO. If a receiver FIFO overrun occurs, the channel 
writes the received character Into the internal FIFO over the previous character (the 
previous character and its status bits are lost). Then the channel writes the received 
character to the buffer, closes the buffer, sets the OV bit in the BD, and generates the RX 
interrupt if it is enabled. Reception then continues normally. 

7.11.7.10.2 Parity Error. When a parity error occurs, the channel writes the received 
character to the buffer, closes the buffer, sets the PR bit in the BD, and generates the RX 
interrupt if it is enabled. Reception then continues normally. 

7.11.7.10.3 Idle Sequence Receive. An idle is detected when one character consisting of 
all ones is received. Once an idle is received, the channel counts the number of 
consecutive idle characters received. If the count reaches the MAXJDL value, the buffer 
is closed, and an RX interrupt is generated. If no receive buffer is open, this event does 
not generate an interrupt or any status information. The idle counter is reset every time a 
character Is received. 

7.11.7.10.4 Framing Error. A framing error is detected by the SMC UART controller when 
a character is received with no stop bit. When this error occurs, the channel writes the 
received character to the buffer, closes the buffer, sets the FR bit in the BD, and 
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generates the RX Interrupt If It Is enabled. When this error occurs, parity is not checked for 
this character. 

7.11.7.10.5 Break Sequence. A break sequence is detected by the SMC UART receiver 
when an all-zero's character with a framing error Is received. When a break sequence Is 
received, the channel will increment the BRKEC and generate a maskable BRK interrupt 
in the SMC UART event register. The channel will also measure the length of the break 
sequence and store this value In the BRKLN counter. If the channel was In the middle of 
buffer processing when the break was received, the buffer will be closed with the BR bit in 
the Rx BD set, and the RX interrupt will be generated if it is enabled. 

7.11.7.11 SMC UART MODE REGISTER (SMCMR). The operating mode of an SMC is 
defined by the SMCMR. The SMCMR is a 16-bit, memory-mapped, read-write register. 
The register is cleared at reset. The function of bits 7-0 is common to each SMC protocol. 
The function of bits 15-8 varies according to the protocol selected by the SM bits. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



— 


GLEN 


SL 


PEN 


PM 


— 


SM 


DM 


TEN 


REN 




Bits 15, 7, 6 — Reserved 
These bits should be cleared by the user. 

CLEN— Character Length 
The CLEN value should be programmed with the total number of bits in the character 
minus one. The total number of bits In the character is calculated as the sum of: 1 (start 
bit always present) + number of data bits (5-14) + number of parity bits (0 or 1) + 
number of stop bits (1 or 2). 

Example: For 8 data bits, no parity, and 1 stop bit, the total number of bits In the 
character is 1+8 + + 1= 10. Thus, CLEN should be programmed to 9. 

The number of data bits in the character may range from 5 to 14 bits. If the data bit 
length Is less than 8 bits, the MSBs of each byte in memory are not used on transmit 
and are written with zeros on receive. If the data bit length is more than 8 bits, the MSBs 
of each 1 6-bit word in memory are not used on transmit and are written with zeros on 
receive. 

NOTES 

The total number of bits in the character must never exceed 
16. Thus, if a 14-blt data length is chosen, SL must be set to 
one stop bit, and parity should not be enabled. If a 13-bit data 
length Is chosen and parity Is enabled, SL must be set to one 
stop bit. 

The values to 3 should not be written to CLEN, or erratic 
behavior may result. 

SL— Stop Length 

0= One stop bit 
1 = Two stop bits 
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PEN— Parity Enable 

= No parity 

1 = Parity is enabled for the transmitter and receiver as determined by the PM bit. 

PM — Parity Mode 

0= Odd parity 

I = Even parity 

SM— SMC Mode 

00= GCI or SCIT support 

01 = Reserved 

10 = UART (must be selected for SMC UART operation) 

11= Totally transparent operation 

DM — Diagnostic Mode 

00 = Normal operation 

01 = Local loopback mode 
10= Echo mode 

II = Reserved i 

TEN— SMC Transmit Enable I 

= SMC transmitter disabled 

1 = SMC transmitter enabled 

REN— SMC Receive Enable 

= SMC receiver disabled 

1 = SMC receiver enabled 

7.11.7.12 SMC UART RECEIVE BUFFER DESCRIPTOR (Rx BD). The CP reports 
Information concerning the received data on a per-buffer basis via Rx BDs. The CP closes 
the current buffer, generates a maskable interrupt, and starts to receive data into the next 
buffer after one of the following events: 

1 . Detection of an error during message processing 

2. Detection of a full receive buffer 

3. Reception of a programmable number of consecutive idle characters 





• 15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





OFFSET + 


E 


— 


W 


1 


— 


— 


CM 


ID 


— 


— 


BR 


FR 


PR 


— 


ov 


CD 


OFFSET + 2 


DATA LENGTH 


OFFSET + 4 
OFFSET + 6 


RX DATA BUFFER POINTER 



NOTE: Entries in boldface must be initialized by the user. 



An example of the UART Rx BD process is shown in Figure 7-76. This figure shows the 
resulting state of the Rx BDs after receipt of 10 characters, an idle period, and five 
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characters — one with a framing error. The example assumes that MRBLR = 8 In the SMC 
parameter RAM. 

E— Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 1 4, 1 1 , 1 0, 7, 6, 2— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last BD in the Rx BD table. 

1 = This Is the last BD in the Rx BD table. After this buffer has been used, the CP will 

receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BDs in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt is generated after this buffer has been filled. 

1 = The RX bit in the event register will be set when this buffer has been completely 

filled by the CP, Indicating the need for the CPU32+ core to process the buffer. 
The RX bit can cause an interrupt if it is enabled. 

CM — Continuous Mode 
0= Normal operation. 

1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 
data buffer to be overwritten automatically when the CP next accesses this BD. 
However, the E-bit will be cleared if an error occurs during reception, regardless 
of the CM bit. 

The following status bits are written by the CP after the received data has been into the 
associated data buffer. 

ID — Buffer Closed on Reception of Idles 
The buffer was closed due to the reception of the programmable number of consecutive 
idle sequences. 

BR — Buffer Closed on Reception of Break 
The buffer was closed due to the reception of a break sequence. 
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FR — Framing Error 
A character with a framing error was received and is located in the last byte of this 
buffer. A framing error is a character without a stop bit. A new receive buffer will be 
used for further data reception. 

PR— Parity Error 
A character with a parity error was received and is located in the last byte of this buffer. 
A new receive buffer will be used for further data reception. 

OV — Overrun 
A receiver overrun occurred during message reception. 

CD — Carrier Detect Lost 
The carrier detect signal was negated during message reception. 

Data Length 
Data length is the number of octets that the CP has written into this BD's data buffer. It 
is written only once by the CP as the BD is closed. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 

Rx Data Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated 
data buffer, must be even. The buffer may reside in either internal or external memory. 
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STATUS 
LENGTH 

POINTER 



RECEIVE BDO 
ID 



0008 



32-BIT BUFFER POINTER 



MRBLR > 8 BYTES FOR THIS SMC 
BUFFER 




BYTE1 



BYTE 2 



ETC. 



BYTE 8 



8 BYTES 
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RECEIVE B0 1 
ID 


STATUS 







1 




LENGTH 


0002 


POINTER 


32-BIT BUFFER POINTER 
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RECEIVE BD 2 
ID 


FR 




STATUS 












1 




LENGTH 


0004 


POINTER 


32-BIT BUFFER POINTER 



BYTE 4 HAS 
FRAMING ERROR 



BUFFER 




BUFFER 



BYTE1 



BYTE 2 



BYTES 



BYTE 4 ERROR! 



EMPTY I 



8 BYTES 



8 BYTES 



STATUS 
LENGTH 

POINTER 



RECEIVE BD 3 



XXXX 
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Figure 7-76. SMC UART Rx BD Example 
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7.11.7.13 SMC UART TRANSMIT BUFFER DESCRIPTOR (Tx BD). Data is presented to 
the OP for transmission on an SIVIC channel by arranging it in buffers referenced by the 
channel's Tx BD ring. The OP confirms transmission or Indicates error conditions via the 
BDs to Inform the processor that the buffers have been serviced. 
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OFFSET + 6 
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NOTE : Entries in boldface must be initialized by the user. 

R— Ready 

= The data buffer associated with this BD is not ready for transmission. The user Is 

free to manipulate this BD or Its associated data buffer. The OP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

Bits 14, 11, 10, 7-0— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last BD In the Tx BD table. 

1 = This is the last BD in the Tx BD Table. After this buffer has been used, the OP 

will receive incoming data into the first BD in the table (the BD pointed to by 
TBASE). The number of Tx BDs in this table is programmable and is determined 
only by the W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No Interrupt is generated after this buffer has been serviced. 

1 = The TX bit In the SMC UART event register will be set when this buffer has been 

serviced. TX can cause an interrupt if it is enabled. 

CM — Continuous Mode 

0= Normal operation. 

1 = The R-bit is not cleared by the CP after this BD is closed, allowing the associated 
data buffer to be retransmitted automatically when the CP next accesses this BD. 

P — Preamble 

0= No preamble sequence Is sent. 

1 = The UART will send one all-ones character before sending the data so that the 
other end will detect an idle line before the data is received. If this bit is set and 
the data length of this BD is zero, only a preamble will be sent. 
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Data Length 

The data length is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CP. This value should normally be greater than zero. 
The data length may be equal to zero with the P-bit set, and only a preamble will be 
sent. 

If the number of data bits in the UART character is greater than 8, then the data length 
should be even. Example: to transmit three UART characters of 8-bit data, 1 start, and 1 
stop, the data length field should be initialized to 3. However, to transmit three UART 
characters of 9-bit data, 1 start, and 1 stop, the data length field should be Initialized to 
6, since the three 9-bit data fields occupy three words in memory (the 9 LSBs of each 
word). 

Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first location of the associated 
data buffer, may be even or odd (unless the number of actual data bits in the UART 
character is greater than 8 bits, in which case the transmit buffer pointer must be even.) 
For instance, the pointer to 8-bit data, 1 start, and 1 stop characters may be even or 
odd, but the pointer to 9-bit data, 1 start, and 1 stop characters must be even. The 
buffer may reside in either internal or external memory. 

7.11.7.14 SMC UART EVENT REGISTER (SMCE). When the UART protocol is selected, 
the SMCE register is called the SMC UART event register. It is an 8-bit register used to 
report events recognized by the SMC UART channel and to generate interrupts. On 
recognition of an event, the UART will set the corresponding bit in the SMC UART event 
register. 

The SMC UART event register is a memory-mapped register that may be read at any 
time. A bit is cleared by writing a one (writing a zero does not affect a bit's value). More 
than one bit may be cleared at a time. All unmasked bits must be cleared before the CP 
will clear the intemal interrupt request. This register is cleared at reset. 

An example of the timing of various events in the SMC UART event register is shown in 
Figure 7-77. 
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BRK 
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BSY 


TX 
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Bits 7-5, 3— Resen/ed. 

BRK — Breal< Character Received 
A break character was received. If a very long break sequence occurs, this interrupt will 
occur only once after the first all-zeros character is received. 

BSY— Busy Condition 
A character was received and discarded due to lack of buffers. This bit is be set no 
sooner than the middle of the last stop bit of the first receive character for which there is 
no available buffer. Reception continues when an empty buffer is provided. 
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TX— Tx Buffer 

A buffer has been transmitted over the UART channel. This bit is set once the transmit 
data of the last character In the buffer was written to the transmit FIFO. The user must 
wait two character times to be sure that the data was completely sent over the transmit 
pin. 

RX— Rx Buffer 
A buffer has been received and Its associated Rx BD is now closed. This bit is set no 
sooner than the middle of the last stop bit of the last character that was written to the 
receive buffer. 



CHARACTERS 
RECEIVED BY SMC UART 



TIME- 



10 CHARACTERS 



RXD 



UNEIDLE 



SMC UART SMCE 
EVENTS 



UNEIDLE 



BREAK 



RX 



RX 



BRK 



NOTES: 

1 . The first RX event assumes receive buffers are six bytes each. 

2. The second RX event position is programmable based on the ma}(_IDL value. 

3. The BRK event occurs after the first break character is received. 
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EVENTS 





















TXD 



TX 

NOTE: The TX event assumes all seven characters were put into a single buffer, and the TX event occurred when the seventh 
character was written to the SMC transmit FIFO. 

Figure 7-77. SMC UART Interrupts Example 

7.11.7.15 SMC UART MASK REGISTER (SMCM). The SMCM is referred to as the SMC 
UART mask register when the SMC Is operating as a UART. it is an 8-bit read-write 
register with the same bit format as the SMC UART event register. If a bit in the SMC 
UART mask register is a one, the corresponding interrupt In the event register will be 
enabled. If the bit is zero, the corresponding Interrupt in the event register will be masked. 
This register is cleared upon reset. 
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7.11.8 SMC UART Example 

The following list is an initialization sequence for 9600 baud, 8 data bits, no parity, and 1 
stop bit operation of an SMC UART assuming a 25-l\/IHz system frequency. BRG1 and 
SMC1 are used. 

1 . Configure tlie port B pins to enable the SMTXD1 and SMRXD1 . Write PBPAR bits 
6 and 7 with ones. Write PBDIR bits 6 and 7 with zeros. Write PBODR bits 6 and 7 
with zeros. 

2 . Configure the BRG1. Write BRGC1 with $010144. The DIV16 bit is not used, and 
the divider is 162 (decimal). The resulting BRG1 clock Is 16x the desired bit rate 
of the UART. 

3. Connect the BRG1 clock to SMC1 using the SI. Write the SMC1 bit in SIMODE with 
a 0. Write the SMC1 CS bits in SIMODE with 000. 

4. Write RBASE and TBASE In the SMC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BO at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

5. Write RFCR with $18 and TFCR with $18 for normal operation. 

6. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 1 6 bytes, so MRBLR = $001 0. 

7. Write MAX_IDL with $0000 in the SMC UART-specific parameter RAM to disable 
the MAX_IDL functionality for this example. 

8. Clear BRKLN and BRKEC in the SMC UART-specific parameter RAM for the sake 
of clarity. 

9. Set BRKCR to $0001 , so that If a STOP TRANSMIT command is issued, one break 
character will be sent. 

10. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

1 1 . Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-bit characters. Write $B000 to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

12. Write $FF to the SMCE to clear any previous events. 

13. Write $1 7 to the SMCM to enable all possible SMC Interrupts. 

14. Write $00000010 to the CIMR to allow SMC1 to generate a system interrupt. (The 
CICR should also be initialized.) 

15. Write $4820 to SMCMR to configure normal operation (not loopback), 8-bit 
characters, no parity, 1 stop bit. Notice that the transmitter and receiver have 
not been enabled yet. 

16. Write $4823 to SMCMR to enable the SMC transmitter and receiver. This 
additional write ensures that the TEN and REN bits will be enabled last. 
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NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 

7.11.9 SMC Interrupt Handling 

The following list describes what would normally occur within an interrupt handler for the 
SMC: 

1 . Once an interrupt occurs, read the SMCE to see which sources have caused 
interrupts. The SMCE bits would normally be cleared at this time. 

2. Process the Tx BD to reuse it if the TX bit was set in SMCE. Extract data from the 
Rx BD if the RX bit was set in SMCE. To transmit another buffer, simply set the Tx 
BD R-bit. 

3. Clear the SMC1 bit in the CISR. 

4. Execute the RTE Instruction. 

7.11.10 SMC as a Transparent Controller 

The following paragraphs describe using the SMC as a transparent controller. 

7.11.10.1 SMC TRANSPARENT CONTROLLER KEY FEATURES. The SMC transparent 
controller contains the following key features: 

• Flexible Data Buffers 

• May Be Used To Connect to a TDM Bus using the TSA in the SI 

• May Transmit and Receive Transparently on Its Own Set of Pins using a Sync Pin To 
Synchronize the Beginning of Transmission and Reception to an Extemal Event 

• Programmable Character Length (4-16) 

• Reverse Data Mode 

• Continuous Transmission and Reception Mode^ 

• Four Commands 

7.11.10.2 SMC TRANSPARENT COMPARISON. As compared to the transparent modes 
supported by the SCCs, the SMCs offer less functionality. This fits with their purpose of 
providing simpler functions and slower speeds. The SMC transparent controller does not 
support the following features: 

• Independent Transmit and Receive Clocks Unless Connected to a TDM Channel of 
the Si 

• CRC Generation and Checking 




• Full RTS, CTS, and CD Pins— Supports One SMSYN Pin Only 

• Ability To Transmit Data on Demand using the TODR 
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• Receiver/Transmitter in Transparent Mode While Receiver/Transmitter Executes 
Another Protocol 

• 4-, 8", or 16-Bit SYNC Recognition 

• Internal DPLL Support 

• Other Features for the SCCs As Described in the GSMR 

The SMCs in transparent mode, however, do provide one feature not provided by the 
regular SCCs. The SMCs allow a data character length option of 4 to 1 6 bits; whereas, the 
SCCs provide a data character length of just 8 or 32 bits (determined by the RFW bit In 
the GSMR). 

7.11.10.3 SMC TRANSPARENT MEMORY MAP. There is no protocol-specific parameter 
RAM for the SMC when It is used as a transparent controller. Only the general SMC 
parameter RAM is used, which is discussed In 7.11.4 SMC Parameter RAM. 




Table 7-13. 


SMC Transparent-Specific 
Parameter RAM 


Address 


Name 


Width 


Description 


SMC Base -1-28 


Reserved 


Word 


Reserved 


SMC Base •«■ 2A 


Reserved 


Word 


Reserved 


SMC Base + 2C 


Reserved 


Word 


Reserved 


SMC Base -i- 2E 


Reserved 


Word 


Reserved 


SMC Base -i- 30 


Reserved 


Word 


Reserved 



7.11.10.4 SMC TRANSPARENT TRANSMISSION PROCESSING. The transparent 
transmitter is designed to work with almost no intervention from the CPU32-I- core. When 
the CPU32+ enables the SMC transmitter in transparent mode, it will start transmitting 
idles. The SMC immediately polls the first BD in the transmit channel's BD ring, and 
thereafter once every character time, depending on the character length (i.e., every 4 to 
16 serial clocks). When there is a message to transmit, the SMC controller will fetch the 
data from memory and start transmitting the message once synchronization is achieved. 

Synchronization can be achieved in two ways. When the transmitter is connected to a 
TDM channel, it can be synchronized to a time slot. Once the frame sync is received, the 
transmitter waits for the first bit of its time slot to occur before transmission begins. Data 
will only be transmitted during the time slots defined by the TSA. Secondly, when working 
wit h its own s et of pins (nonmultiplexed mode), the transmitter will start transmission when 
the SMSYNx line is asserted (falling edge). 

When a BD's data has been completely written to the transmit FIFO, the L-bit is checked. 
If the L-bit is set, the SMC writes the message status bits into the BD and clears the R-bit. 
It will then start transmitting idles. When the end of the current BD has been reached and 
the L-bit is not set (multibuffer mode), only the R-bit is cleared. In both cases, an interrupt 
is issued according to the l-bit in the BD. By appropriately setting the l-bit in each BD, 
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interrupts can be generated after the transmission of each buffer, a specific buffer, or each 
blocl(. The SIVIC will then proceed to the next BD in the table. 

If no additional buffers have been presented to the SMC for transmission and the L-bit 
was cleared, an underrun is detected, and the SMC begins transmitting idles. 

If the CM bit is set in the Tx BD, the R-bit will not be cleared, allowing the associated data 
buffer to be retransmitted automatically when the CP next accesses this data buffer. For 
instance, if a single Tx BD is initialized with the CM bit set and the W-bit set, the data 
buffer will be continuously transmitted until the user clears the R-bit of the BD. 

7.11.10.5 SMC TRANSPARENT RECEPTION PROCESSING. When the CPU32+ core 
enables the SMC receiver in transparent mode, it will wait for synchronization before 
receiving data. Once synchronization is achieved, the receiver will transfer the incoming 
data into memory according to the first Rx BD in the ring. 

Synchronization can be achieved in two ways. When the receiver is connected to a TDM 
channel, it can be synchronized to a time slot. Once the frame sync is received, the 
receiver waits for the first bit of its time slot to occur before reception begins. Data will only 
be received during the time slots defined by the TSA. Secondly, when workin g with its own 
set of pins (nonmultiplexed mode), the receiver will start reception when the SMSYNx line 
is asserted (falling edge). 

When the data buffer has been filled, the SMC clears the E-bit in the BD and generates an 
interrupt if the 1-bit in the BD is set. If the incoming data exceeds the length of the data 
buffer, the SMC will fetch the next BD in the table and, if it is empty, will continue to 
transfer data to this BD's associated data buffer. 

If the CM bit is set in the Rx BD, the E-bit will not be cleared, allowing the associated data 
buffer to be overwritten automatically when the CP next accesses this data buffer. 

7.11.10.6 USING THE SMSYNx PIN FOR SYNCHRONIZATION. The SMSYNx pin offers 
a method to synchronize the SMC channel externally. This method differs somewhat from 
the synchronization options available in the SCCs and should be studied carefully. See 
Figure 7-78 for an example. 

NOTE 

Regardless of whet her the tra nsmitter or receiver uses the 
SMSYNx signal, the SMSYNx signal must make g litch-free 
transitions from high to low or low to high. Glitches on SMSYNx 
may cause errant behavior of the SMC. 

Once the REN bit is set in SMCMR, the first rising edge of SMCLK that detects the 
SMSYNx pin as low causes the SMC receiver to achieve synchronizati on. Data w ill begin 
to be received (latched) on the same rising edge of SMCLK that latched SMSYNx. This will 
be the first bit of data received. The receiver will never lose synchronization again, 
regardless of the state of SMSYNx, until the REN bit is cleared by the user. 
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COMMAND 






ISSUED 







NOTES: 

1 . SMCLK Is an internal dock derived from an external CLKPIN or a baud rate generator. 

2. This example shows the SMC receiver and transmitter enabled separate ly. If the REN 
and TEN bits were set at the same time, a single falling edge of SMSYN would 
synchronize both. 

Figure 7-78. Synchronization with the SMSYNx Pin 

Once the TEN bit is set in SI\/ICIVIR, the first rising edge of SIVICLK that detects the 
SMSYNx pin as low causes the SMC transmitter to achieve synchronization. The SMC 
transmitter will begin transmitting ones asynchronously from the falling edge of SMSYNx. 
After one character of ones is transmitted, if the transmit FIFO is loaded (i.e., the Tx BD 
was ready with data), data will begin to be transmitted on the next falling edge of SMCLK 
after one character of ones is transmitted, if the transmit FIFO is loaded at some later 
time, the data will begin transmission after some multiple number of all-ones characters is 
tr ansmitted. The transmitter will never lose synchronization again, regardless of the state 
of SMSYNx, until the TEN bit is cleared by the user or the ENTER HUNT MODE command 
is Issued. 



if both the REN and TEN bits are set in SMCMR, the first falling edge of the SMSYNx pin 
causes both the transmitter and receiver to achieve synchronization. To re -synchron ize 
the transmitter, the SMC transmitter may be disabled and reenabled, and the SMSYNx pin 
can be used again to re-synchronize just the transmitter. See 7.11.5 Disabling the SI\/ICs 
on the Fly for a description of how to safely disable and reenable the SMC (simply 
clearing TEN and setting TEN may not be sufficient). The receiver may be re- 
synchronized in a similar fashion. 
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7.11.10.7 USING THE TSA FOR SYNCHRONIZATION. The TSA offers a method to 
synchronize the SM C channe l internally without using the SI\/1SYNx pin. This behavior is 
similar to th at of the S MSYNx pin, except that the synchronization event is not the falling 
edge of the SMSYNx pin, but rather the first time slot for this SMC receiver/transmitter 
following the frame sync indication. See 7.8 Serial Interface with Time Slot Asslgner for 
further information on configuring time slots for the SMCs and SCCs. 

The TSA allows the SMC receiver and transmitter to b e enabled simultaneously, yet 
synchronized separately, a capability not provided by the SMSYNx pin. See Figure 7-79 
for an example of synchronization using the TSA. 



TDM Tx SYNC fl 
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RECEPTION 
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Figure 7-79. Synchronization with the TSA 

Once the REN bit is set in SMCMR, the first time slot after frame sync causes the SMC 
receiver to achieve synchronization. Data will begin to be received immediately, but only 
during the defined receive time slots. The receiver will continue to receive data during its 
defined time slots until the REN bit is cleared by the user. If the ENTER HUNT MODE 
command is executed, the receiver will lose synchronization, close the current buffer, and 
re-synchronize to the first time slot after the frame sync. 

Once the TEN bit is set in SMCMR, the SMC waits for the transmit FIFO to be loaded, 
before attempting to achieve synchronization. Once the transmit FIFO is loaded. 
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synchronization and transmission begin on the first bit of the first time slot after the frame 
sync. Idles (ones) are transmitted until data begins transmission. 

If the SMC runs out of transmit buffers and a new transmit buffer is provided later, idles 
will be transmitted during the gap between data buffers, and data transmission from the 
later data buffer will begin at the beginning of an SMC time slot, but not necessarily the 
first time slot after the frame sync. Thus, if the user wishes to maintain a certain bit 
alignment beginning with the first time slot, the user should always make sure that at least 
one Tx BD is always ready and that no underruns occur. Otherwise, the SMC transmitter 
should be disabled and reenabled. See 7.11.5 Disabling the SMCs on the Fly for a 
description of how to safely disable and reenable the SMC (simply clearing TEN and 
setting TEN may not be sufficient). 

7.11.10.8 SMC TRANSPARENT COMMAND SET. The following transmit and receive 
commands are Issued to the CR. 

7.11.10.8.1 Transmit Commands. The following paragraphs describe the transparent 
transmit commands. 

STOP TRANSMIT Command. After a hardware or software reset and the enabling of the 
channel in the SMC mode register, the channel is in the transmit enable mode and starts 
polling the first BD in the table. 

The STOP TRANSMIT command disables the transmission of frames on the transmit 
channel. If this command is received by the transparent controller during frame 
transmission, transmission of that buffer is aborted after the contents of the FIFO are 
transmitted (up to 2 characters). The TBPTR is not advanced to the next BD, no new BD 
is accessed, and no new buffers are transmitted for this channel. The transmitter will send 
idles until the RESTART TRANSMIT command is given. 

RESTART TRANSMIT Command. The RESTART TRANSMIT command is used to begin 
or resume transmission from the current TBPTR in the channel's Tx BD table. When this 
command is received by the channel, it will start polling the R-bit in this BD. This 
command Is expected by the SMC after a STOP TRANSMIT command and the disabling 
of the channel in its mode register, or after a transmitter error (underrun) occurs. 

INIT TX PARAMETERS Command. This command initializes all the transmit parameters 
in this serial channel's parameter RAM to their reset state. This command should only be 
issued when the transmitter is disabled. Note that the INIT TX AND RX PARAMETERS 
command may also be used to reset both transmit and receive parameters. 

7.11.10.8.2 Receive Commands. The following paragraphs describe the transparent 
receive commands. 

ENTER HUNT MODE Command. This command forces the SMC to close the current 
receive BD if it is currently being used, and to use the next BD in the list for any 
subsequent data that is received. If the SMC is not in the process of receiving data, the 
buffer is not closed. Additionally, this command causes the receiver to wait for a re- 
synchronizatlon, before further reception continues. 
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CLOSE Rx BD Command. The CLOSE Rx BD command is used to force the SMC to 
close the current receive BD if it is currently being used, and to use the next BD in the list 
for any subsequent data that is received. If the SMC is not in the process of receiving 
data, no action is taken by this command. 

INIT RX PARAMETERS Command. Initializes all the receive parameters in this serial 
channel's parameter RAM to their reset state. This command should only be issued when 
the receiver is disabled. Note that the INIT TX AND RX PARAMETERS command may 
also be used to reset both receive and transmit parameters. 

7.11.10.9 SMC TRANSPARENT ERROR-HANDLING PROCEDURE. The SMC reports 
message reception and transmission error conditions using the channel BDs and the SMC 
event register. 

7.11.10.9.1 Transmission Error (Underrun). When this error occurs, the channel 
terminates buffer transmission, closes the buffer, sets the UN bit in the BD, and generates 
the TXE interrupt if it is enabled. The channel resumes transmission after the reception of 
the RESTART TRANSMIT command. Underrun cannot occur between frames. 

7.11.10.9.2 Reception Error (Overrun). The SMC maintains an Internal FIFO for 
receiving data (shift register plus data register). The CP begins programming the SDMA 
channel (if the data buffer is in external memory) when the first character is received into 
the FIFO. If a FIFO overrun occurs, the SMC writes the received data character to the 
intemal FIFO over the previously received character. The previous character and its status 
bits are lost. Following this, the channel closes the buffer, sets the OV bit in the BD, and 
generates the RX interrupt if It is enabled. Reception then continues normally. 

7.11.10.10 SMC TRANSPARENT MODE REGISTER (SMCMR). The operating mode of 
an SMC is defined by the SMCMR. The SMCMR is a 16-bit, memory-mapped, read-write 
register. The register is cleared at reset. The function of bits 7-0 is common to each SMC 
protocol. The function of bits 15-8 varies according to the protocol selected by the SM 
bits. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 




— 


GLEN 


— 


REVD 


— 


SM 


DM 


TEN 


REN 



Bits 15, 10, 9, 7, 6— Resen/ed 

CLEN— Character Length 

CLEN is programmed with a value from 3 to 15 to obtain 4 to 16 bits per character. If 
the character length is less than 8 bits, the MSBs of the byte in buffer memory are not 
used on transmit and are written with zeros on receive. If the character length is more 
than 8 bits, but less than 16 bits, the MSBs of the word in buffer memory will not be 
used on transmit and will be written with zeros on receive. 
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NOTES 

The values to 2 should not be written to CLEN, or erratic 
behavior may result. 

Larger character lengths increase the potential perfomnance of 
the SMC channel and lower the performance impact on other 
channels. For instance, the use of 16-bit characters, rather 
than 8-bit characters, is encouraged if 16-bit characters are 
acceptable in the end application. 

REVD— Reverse Data 

0= Normal mode 

I = Reverse the character bit order; the MSB is transmitted first. 

SM— SMC Mode 

00 = GCI or SCIT support 

01 = Reserved 
10= UART 

II = Totally transparent operation (must be selected for SMC transparent operation) 

DM— Diagnostic Mode 
00= Normal operation 
01 = Local loopback mode 
10= Echo mode 
1 1 = Reserved 

TEN— SMC Transmit Enable 

0= SMC transmitter disabled 
1 = SMC transmitter enabled 

REN— SMC Receive Enable 

= SMC receiver disabled 

1 = SMC receiver enabled 

7.11.10.11 SMC TRANSPARENT RECEIVE BUFFER DESCRIPTOR (Rx BD). The CP 

reports information about the received data for each buffer using Rx BDs. The CP closes 
the current buffer, generates a maskable interrupt, and starts to receive data into the next 
buffer after one of the following events: 

1. Detecting an overrun error 

2. Detecting a full receive buffer 

3. Issuing the ENTER HUNT MODE command 
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NOTE : Entries in boldface must be initialized by the user 

E — Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this BD is empty, or reception is currently In 

progress. This Rx BD and Its associated receive buffer are owned by the CP. 
Once the E-bit Is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 1 4, 1 1 , 1 0, 8-2, 0— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last BD in the Rx BD table. 

1 = This Is the last BD In the Rx BD table. After this buffer has been used, the CP will 

receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BDs in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

= No interrupt is generated after this buffer has been filled. 

1 = The RX bit in the event register will be set when this buffer has been completely 

filled by the CP, indicating the need for the CPU32+ core to process the buffer. 
The RX bit can cause an Interrupt if it Is enabled. 

CM — Continuous Mode 
0= Normal operation. 
1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be ovenwritten automatically when the CP next accesses this BD. 

However, the E-bit will be cleared if an error occurs during reception, regardless 

of the CM bit. 

The following status bit Is written by the CP after the received data has been placed into 
the associated data buffer. 

OV — Overrun 
A receiver overrun occurred during message reception. 
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Data Length 

The data length is the number of octets that the CP has written into this BD's data 
buffer. It is written only once by the CP as the buffer is closed. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 

Rx Data Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated 
data buffer, must be even. The buffer may reside in either internal or external memory. 

7.11.10.12 SMC TRANSPARENT TRANSMIT BUFFER DESCRIPTOR (Jx BD). Data Is 
presented to the CP for transmission on an SMC channel by arranging it in buffers 
referenced by the channel's Tx BD table. The CP confirms transmission or indicates error 
conditions using the BDs to infomi the processor that the buffers have been serviced. 
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NOTE : Entries in boldface must be initialized by the user 

R— Ready 

=: The data buffer associated with this BD is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

Bits 14, 10, 8-2, 0— Reserved 

W— Wrap (Final BD in Table) 

0= This is not the last BD in the Tx BD table. 

1 = This is the last BD in the Tx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by TBASE). 
The number of Tx BDs in this table is programmable and is determined by the 
W-bit and the overall space constraints of the dual-port RAM. 

I— Interrupt 

= No interrupt is generated after this buffer has been serviced. 

1 = The TX or TXE bit in the event register will be set when this buffer has been 

serviced. TX and TXE can cause interrupts if they are enabled. 
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L— Last in Message 

= The last byte in the buffer is not the last byte in the transmitted transparent 

frame. Data from the next transmit buffer (if ready) will be transmitted 
Immediately following the last byte of this buffer. 

1 = The last byte in this buffer Is the last byte in the transmitted transparent frame. 

After this buffer is transmitted, the transmitter will require synchronization before 
the next buffer will be transmitted. 

CM— Continuous Mode 
0= Normal operation. 

1 = The R-bit is not cleared by the CP after this BD is closed, allowing the associated 
data buffer to be retransmitted automatically when the CP next accesses this BD. 
However, the R-bit will be cleared if an error occurs during transmission, 
regardless of the CM bit. 

UN — Underrun 

The SMC encountered a transmitter underrun condition while transmitting the 
associated data buffer. 

Data Length 

The data length is the number of octets that the CP should transmit from this BD's data ' 
buffer. This value is never modified by the CP. 

The data length may be even or odd; however, if the number of bits in the transparent 
character is greater than 8, the data length should be even. Example: to transmit three 
transparent 8-bit characters, the data length field should be Initialized to 3. However, to 
transmit three transparent 9-bit characters, the data length field should be initialized to 
6, since the three 9-bit characters occupy three words in memory (the 9 LSBs of each 
word). 

Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first byte of the associated data 
buffer, may be even or odd (unless the character length is greater than 8 bits, in which 
case the transmit buffer pointer must be even). For instance, the pointer to 8-bit 
transparent characters may be even or odd, but the pointer to 9-bit transparent 
characters must be even. The buffer may reside in either intemal or external memory. 

7.11.10.13 SMC TRANSPARENT EVENT REGISTER (SMCE). SMCE is referred to as 
the SMC transparent event register when the SMC Is programmed for transparent mode. 
It is an 8-bit register used to report events recognized by the SMC channel and to 
generate Interrupts. On recognition of an event, the SMC controller sets the corresponding 
bit in the SMCE. Interrupts generated by this register may be masked in the SMC mask 
register. 
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The SMCE is a memory-mapped register tliat may be read at any time. A bit is cleared by 
writing a one (writing a zero does not affect a bit's value). More than one bit may be 
cleared at a time. All unmasl<ed bits must be cleared before the CP will clear the internal 
interrupt request. This register is cleared at reset. 
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Bits 7-5, 3 — Reserved 

TXE— Tx Error 
An underrun error occurred on the transmitter channel. 

BSY— Busy Condition 
A character was received and discarded due to lack of buffers. Reception will begin 
after a new buffer is provided. The user may wish to execute an ENTER HUNT MODE 
command to cause the receiver to wait for re-synchronization. 

TX— Tx Buffer 
A buffer has been transmitted. If the L-bit of the Tx BD is set, this bit is set when the last 
data character begins to be transmitted; the user must wait one character time to be 
sure that the data was completely sent over the transmit pin. If the L-bit of the Tx BD is 
cleared, this bit is set when the last data character is written to the transmit FIFO; the 
user must wait two character times to be sure that the data was completely sent over 
the transmit pin. 

RX—Rx Buffer 
A buffer has been received on the SMC channel and its associated Rx BD is now 
closed. This bit is set after the last character was written to the buffer. 

7.11.10.14 SMC TRANSPARENT MASK REGISTER (SMCM). The SMCM Is referred to 
as the SMC transparent mask register when the SMC is operating in transparent mode. It 
is an 8-bit read-write register that has the same bit format as the transparent event 
register. If a bit in the SMCM is a one, the corresponding interrupt in the transparent event 
register will be enabled. If the bit is zero, the corresponding interrupt in the transparent 
event register will be masked. This register is cleared upon reset. 

7.11.11 SMC Transparent NMSI Example 

The following list is an initialization sequence for operation of the SMC1 transparent 
channel over its own set of pins. The transmit and recei ve clocks are provided from the 
CLK3 pin (no baud rate generator is used), and the SMSYNx pin is used to obtain 
synchronization, (The SMC UART example shows an example of configuring the baud 
rate generator.) 
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1 . Configure the port B pins to enable the SMTXD1 , SMRXD1 , and SMSYN1 . Write 
PBPAR bits 6, 7, and 8 with ones. Write PBDIR bits 6, 7, and 8 with zeros. Write 
PBODR bits 6, 7, and 8 with zeros. 

2. Configure the port A pins to enable CLK3. Write PBPAR bit 10 with a one. Write 
PBDIR bit 10 with a zero. The other functions of this pin are the timers or the TSA. 
These alternate functions cannot be used on this pin. 

3. Connect the CLK3 clock to SMC1 using the SI. Write the SMC1 bit in SIMODE with 
a 0. Write the SMC1CS bits in SIMODE with 110. 

4. Write RBASE and TBASE In the SIVIC parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

5. Write RFCR with $18 and TFCR with $18 for nomrial operation. 

6. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 16 bytes, so MRBLR = $0010. 

7. Initialize the Rx BD. Assume the Rx data buffer Is at $00001000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for instructional purposes only). Write $00001 000 to Rx_BD_Pointer. 

8. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-blt characters. Write $B000 to Tx_BD_Status. Write $0005 to | 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

9. Write $FF to the SMCE to clear any previous events. 

10. Write $13 to the SMCM to enable all possible SMC Interrupts. 

1 1 . Write $0000001 to the CIMR to allow SMC1 to generate a system interrupt. (The 
CICR should also be initialized.) 

12. Write $3830 to SMCMR to configure 8-bit characters, non-reversed data, and 
normal operation (not loopback). Notice that the transmitter and receiver have not 
been enabled yet. 

13. Write $3833 to SMCMR to enable the SMC transmitter and receiver. This additional 
write ensures that the TEN and REN bits will be enabled last. 

NOTE 

After 5 bytes have been transmitted, the Tx BD Is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 

7.1 1 .1 2 SMC Transparent TSA Example 

The following list is an initialization sequence for operation of the SMC1 transparent 
channel over the TSA. It is assumed that the TSA and the TDM pins already have been 
set up to route time slot data to the SMC transmitter and receiver. (7.8 Serial interface 
withi Time Slot Assigner shows examples of how to configure the TSA.) The transmit 
and receive clocks and synchronization signals are provided internally from the TSA. 
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1 . Write RBASE and TBASE in tiie SIVIC parameter RAIVI to point to the Rx BD and Tx 
BD in tiie dual-port i^lVI. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

2. Write RFCR with $1 8 and TFCR with $1 8 for normal operation. 

3. Write MRBLR with the maximum number of bytes per receive buffer. For this 
case,assume 16 bytes, so MRBLR = $0010. 

4. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required— done 
for instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

5. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory and 
contains five 8-bit characters. Write $B000 to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

6. Write $FF to the SMCE to clear any previous events. 

7. Write $13 to the SMCM to enable all possible SMC interrupts. 

8. Write $00000010 to the CIMR to allow SMC1 to generate a system interrupt. (The 
CICR should also be initialized.) 

9. Write $3830 to SMCMR to configure 8-bit characters, non-reversed data, and normal 
operation (not loopback). Notice that the transmitter and receiver have not been 
enabled yet. 

10. Write $3833 to SMCMR to enable the SMC transmitter and receiver. This additional 
write ensures that the TEN and REN bits will be enabled last. 

NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 16 bytes have 
been received. Any additional receive data beyond 16 bytes 
will cause a busy (out-of-buffers) condition since only one Rx 
BD was prepared. 

7.11.13 SMC Interrupt Handling 

The following list describes what would normally occur within an interrupt handier for the 
SMC. 

1 . Once an interrupt occurs, read the SMCE to see which sources have caused 
interrupts. The SMCE bits would normally be cleared at this time. 

2. Process the Tx BD to reuse it if the TX bit was set in SMCE. Extract data from the 
Rx BD if the RX bit was set in SMCE. To transmit another buffer, simply set the Tx 
BD R-bit. 

3. Clear the SMC1 bit in the CISR. 

4. Execute the RTE instruction. 
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7.11.14 SMC as a GCI Controller 

The SMC can be used to control the C/l and to monitor channels of the GCI frame. When 
using the SCIT configuration of GCI, one SMC can handle SCIT channel 0, and the other 
SMC can handle SCIT channel 1 . The main features are as follows: 

• Each SMC Channel Supports the C/l and Monitor Channels of the GCI (IOM-2) in 
ISDN Applications 

• Two SMCs Support the Two Sets of C/l and Monitor Channels in SCIT Channel and 
Channel 1 

• Full-Duplex Operation 

• Local Loopback and Echo Capability for Testing 

NOTE 

The SMCs on the QUICC differ from the SMCs on the 
MC68302. On the QUICC, a single SMC handles both the 
monitor and C/l fields of a GCI channel. On the MC68302, one 
SMC handles the monitor field, and another SMC Is required 
for the C/l field. Additionally, the MC68302 cannot use SCIT 
channel 1 ; whereas, the QUICC can. 

To use the SMC GCI channels properly, the TSA in the SI must be configured to route the 
monitor and C/l channels to the desired SMC. See 7.8 Serial Interface with Time Slot 
Assigner for more details on how to program this configuration. The following SMC 
discussion assumes that this time-slot routing is programmed properly. 

7.11.14.1 SI\/IC GCI MEI\/IORY MAP. The GCI parameter RAM area begins at the same 
offset from each SMC base area. 

The SMC GCI mode has a very different set of parameter RAM than the SMC UART or 
SMC transparent modes. In the SMC GCI mode, the general-purpose parameter RAM 
contains the BDs, rather than pointers to the BDs. Contrast Table 7-14 with Table 7-1 1 to 
see these differences. Additionally, the SMC in GCI mode contains no protocol-specific 
parameter RAM. 
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Table 7-14. SMC GCI Parameter RAM 



Address 


Name 


Width 


Description 


SMC Base + 00 


M_RxBD 


Word 


Monitor Channel Rx BD 


SMC Base -i- 02 


M.TxBD 


Word 


Monitor Channel Tx BD 


SMC Base + 04 


CLRxBD 


Word 


C/l Channel Rx BD 


SMC Base + 06 


CLTxBD 


Word 


C/l Channel Tx BD 


SMC Base ■«- 08 


Tempi 


Word 




SMCBase + OA 


Temp2 


Word 




SMC Base + OC 


Temp3 


Word 




SMC Base -t- OE 


Temp4 


Word 






7.11.14.1.1 SMC Monitor Channel Transmission. The monitor channel is used for 
data exchange with a layer 1 device (e.g., reading and writing internal registers and 
transferring of the S and Q bits). The monitor channel 1 is used for programming and 
controlling voice/data modules such as CODECs. 

The CPU32+ core writes the data byte into the SMC Tx BD. The SMC will transmit the 
data on the monitor channel. The SMC transmitter can be programmed to work in one of 
two modes: 

Transparent Mode 
In this mode, the SMC transmits the data and moves the A and E control bits 
transparently into the channel. When the CPU32+ core has not written new data to the 
buffer, the SMC transmitter will retransmit the previous monitor channel data and the A 
and E control bits. 

Monitor Channel Protocol 

In this mode, the SMC transmits the data and handles the A and E control bits 
according to the GCI monitor channel protocol. When using the monitor channel 
protocol, the user may issue the TIMEOUT command to solve deadlocl<s in case of 
errors in the A and E bit states on the data line. 

7.11.14.1.2 SMC Monitor Channel Reception. The SMC receiver can be programmed to 
work in one of two modes: 

Transparent Mode 

In this mode, the SMC receives the data, moves the A and E control bits transparently 
into the SMC Rx BD, and generates a maskable interrupt. The SMC receiver discards 
new data when the CPU32+ core has not read the Rx BD. 

Monitor Channel Protocol 

In this mode, the SMC receives the data and handles the A and E control bits according 
to the GCI monitor channel protocol. When a received data byte is stored by the CP In 
the SMC Rx BD, a maskable interrupt is generated. 
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When using the monitor channel protocol, the user may Issue the TRANSMIT ABORT 
REQUEST command. The QUICC will then transmit an abort request on the E-bit. 

7.11.14.2 SMC C/l CHANNEL HANDLING. The C/l channel (in SCIT configuration, 0/1 
channel 0) is used to control the layer 1 device. The layer 2 device in the TE sends 
commands and receives indication to/from the upstream layer 1 device via 0/1 channel 0. 
In the SCIT configuration, 0/i channel 1 is used to convey real-time status information 
between the layer 2 device and nonlayer 1 peripheral devices (e.g., OODECs). 

7.11.14.2.1 SMC C/l Channel Transmission. The OPU32+ core writes the data byte into 
the SMC C/l Tx BD. The SMC will transmit the data continuously on the C/l channel to the 
physical layer device. 

7.11.14.2.2 SMC C/l Channel Reception. The SMC receiver continuously monitors the 
C/l channel. When a change in the data is recognized and this value Is received In two 
successive frames, it will be interpreted as valid data. This is referred to as the double 
last-look method. The received data byte is stored by the OP in the 0/1 Rx BD, and a 
maskable interrupt is generated. If the SMC is configured to support SCIT channel 1, the 
double last-look method is not used. 

7.11.14.3 SMC COMMANDS In GCI MODE. The following commands are issued to the 
OR. 

INIT TX AND RX PARAMETERS Command. This command initializes the transmit and 
receive parameters in the parameter RAM to their reset state. This command is especially 
useful when switching protocols on a given serial channel. 

TRANSMIT ABORT REQUEST Command. This receiver command may be issued when 
the QUICC implements the monitor channel protocol. When issued, the QUIOO sends an 
abort request on the A-bit. 

TIMEOUT Command. This transmitter command may be issued when the QUIOO 
Implements the monitor channel protocol. It is issued because the device is not 
responding or because GOI A-bit errors are detected. When issued, the QUICC sends an 
abort request on the E-bit. 

7.11.14.4 SMC GCI MODE REGISTER (SMCMR). The operating mode of an SMC is 
defined by the SMCMR. The SMCMR is a 16-bit, memory-mapped, read-write register. 
The register is cleared at reset. The functions of bits 7-0 are common to each SMC 
protocol. The functions of bits 15-8 vary according to the protocol selected by the SM bits. 




15 


14 


13 12 


11 


10 


9 


8 


7 


6 


5 4 


3 2 


1 





— 


CLEN 


ME 


MP 


C# 


■ — 


SM 


DM 


TEN 


REN 



Bit15, 7, 6— Resen/ed 
These bits should be cleared by the user. 
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CLEN— Character Length 

This value is used to define the total number of bits in the C/l and monitor channels of 
the SCIT channel or channel 1 . CLEN ranges from to 15 and specifies values from 1 
to 16 bits. CLEN should be written with 13 for the SCIT channel or GCI (8 data bits, 
plus A and E bits, plus 4 C/l bits = 14 bits). CLEN should be written with 15 for the SCIT 
channel 1 (8 data, bits, plus A and E bits, plus 6 C/l bits = 16 bits). 

ME— Monitor Enable 

= The SMC does not support the monitor channel. 

1 = The SMC supports the monitor channel with either the transparent or monitor 

channel protocol as defined in the MP bit. 

MP— Monitor Protocol 

= The monitor channel data and the A and E control bits are received and 

transmitted transparently. (The monitor channel protocol is not used.) 

1 = The monitor channel data and the A and E control bits are internally controlled 

according to the GCI monitor channel protocol. 

C#^SCIT Channel Number 

0= SCIT channel 

I = SCIT channel 1 (required for Siemens ARCOFI and SGS S/T chips) 

SM— SMC Mode 

00 = GCI or SCIT support (required for SMC GCI or SCIT operation) 

01 = Reserved 
10= UART 

II = Totally transparent operation 

DM — Diagnostic Mode 
00= Normal operation 
01 = Local loopback mode 
10= Echo mode 
11 = Reserved 

TEN— SMC Transmit Enable 

= SMC transmitter disabled 

1 = SMC transmitter enabled 

REN— SMC Receive Enable 

= SMC receiver disabled 

1 = SMC receiver enabled 

7.11.14.5 SMC MONITOR CHANNEL Rx BD. The CP reports information about the 
monitor channel receive byte using this BD. 
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E— Empty 

= This bit is cleared by the CP to indicate that data byte associated with this BD is 

now available to the CPU32+ core. 

1 = This bit is set by the CPU32+ core to indicate that the data byte associated with 

this BD has been read. 
When the SMC implements the monitor channel protocol, the SIVIC will wait until this bit 
is set by the CPU32-t- core before acknowledging the monitor channel data. In the 
transparent mode, additional received data bytes will be discarded until the E-bit is set 
by the CPU32+ core. 

L— Last(EOM) 
This bit is valid only when the SMC implements the monitor channel protocol. This bit is 
set when the end-of-message (EOM) indication is received on the E-bit. 

NOTE 

When this bit is set, the data byte is not valid. 

ER— Error Condition 
This bit is valid only when the SMC implements the monitor channel protocol. This bit is 
set when an error condition occurs on the monitor channel protocol. (A new byte is 
transmitted before the SMC acknowledges the previous byte.) 

MS— Data Mismatch 

This bit is valid only when the SMC implements the monitor channel protocol. This bit is 
set when two different consecutive bytes are received and is cleared when the last two 
consecutive bytes match. The SMC waits for the reception of two identical consecutive 
bytes before writing new data to the Rx BD. 

Bits 1 1 -1 0— Reserved 
These bits should be cleared by the user. 

AB — Received A-Bit Value 
This bit is valid only when the monitor channel is in transparent mode. This is the A-bit 
as received from the GCI frame by the SMC. 

EB— Received E-Bit Value 
This bit is valid only when the monitor channel is in transparent mode. This is the E-bit 
as received from the GCI frame by the SMC. 

DATA— Data Field 
The data field contains the monitor channel data byte received by the SMC. 
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7.11.14.6 SMC MONITOR CHANNEL Tx BD. The OP reports the information about the 
monitor channel transmit byte using this BD. 
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R— Ready 

= This bit is cleared by the OP after transmission. The Tx BD is now available to 

the CPU32+ core. 

1 = This bit is set by the CPU32+ core to indicate that the data byte associated with 

this BD is ready for transmission. 

L— Last (EOM) 

This bit is valid only when the SMC implements the monitor channel protocol. When this 
bit is set, the SMC will first transmit the buffer's data and then transmit the end-of- 
message (EOM) indication on the E-bit. 

AR— Abort Request 

This bit is valid only when the SMC implements the monitor channel protocol. This bit is 
set by the SMC when an abort request is received on the A-bit. The SMC transmitter will 
transmit the EOM on the E-bit after an abort request is received. 

Bits 1 2-1 0— Reserved 
These bits should be cleared by the user. 

AB— Transmit A-Bit Value 

This bit is valid only when the monitor channel is in transparent mode. This bit will be 
transmitted as the A-bit. 

EB— Transmit E-Bit Value 

This bit is valid only when the monitor channel is in transparent mode. This bit will be 
transmitted as the E-bit. 

DATA— Data Field 
The data field contains the data to be transmitted by the SMC on the monitor channel. 

7.11.14.7 SMC C/l CHANNEL RECEIVE BUFFER DESCRIPTOR (Rx BD). The CP 

reports information about the C/l channel receive byte using this BD. 
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E — Empty 

= This bit is cleared by the CP to Indicate that data byte associated with this BD is 

now available to the CPU32+ core. 

1 = This bit is set by the CPU32+ core to indicate that the data byte associated with 

this BD has been read. 

NOTE 

Additional data received will be discarded until the E-bit is set. 

Bits 14-6— Reserved 
These bits should be cleared by the user. 

C/l DATA — Command/Indication Data Bits 

C/l DATA is a 4-bit data field for C/l channel and a 6-bit data field for C/l channel 1 . It 
contains the data received from the C/l channel. For C/l channel 0, bits 5-2 contain the 
4-blt data field, and bits 1 and are always written with zeros. For C/l channel 1 , bits 
5-0 contain the 6-bit data field. 

7.11.14.8 SMC C/l CHANNEL TRANSMIT BUFFER DESCRIPTOR (Tx BD). The CP 

reports information about the C/l channel transmit byte using the BD. 



IS 


14 


13 


12 


11 


10 
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7 


6 


5 


4 


3 2 


1 





R 


— 


C/l DATA 



R— Ready 

= This bit is cleared by the CP after transmission to indicate that the BD is now 

available to the CPU32+ core. 

1 = This bit is set by the CPU32+ core to indicate that the data associated with this 

BD is ready for transmission. 

Bits 14-6— Reserved 
These bits should be cleared by the user. 

C/l DATA — Command/Indication Data Bits 
C/l DATA is a 4-bit data field for C/l channel and a 6-bit data field for C/l channel 1 . It 
contains the data to be transmitted onto the C/l channel. For C/l channel 0, bits 5-2 
contain the 4-bit data field, and bits 1 and are always written with zeros. For C/l 
channel 1 , bits 5-0 contain the 6-bit data field. 

7.11.14.9 SMC EVENT REGISTER (SMCE). The SMCE is an 8-bit register used to report 
events recognized by the SMC channel and to generate interrupts. On recognition of 
event, the SMC sets its corresponding bit in this register Interrupts generated by this 
register may be masked in the SMC mode register. 
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The SMCE is a memory-mapped register that may be read at any time. A bit is cleared by 
writing a one (writing a zero does not affect a bit's value). More than one bit may be 
cleared at a time. All unmasked bits must be cleared before the CP will clear the internal 
interrupt request to the CPM interrupt controller. This register is cleared at reset. 



7 


6 


5 


4 


3 


2 


1 





— 


— 


— 


— 


CTXB 


CRXB 


MTXB 


MRXB 




INITIAL VALUE: 

Bits 7-A — Resen/ed 

CTXB— C/l Channel Buffer Transmitted 
The C/l transmit buffer became empty. 

CRXB— C/l Channel Buffer Received 
The C/i receive buffer is full. 

MTXB— Monitor Channel Buffer Transmitted 
The monitor transmit buffer became empty. 

MRXB— Monitor Channel Buffer Received 
The monitor receive buffer is full. 

7.11.14.10 SMC MASK REGISTER (SMCM). The SMCM is an 8-bit. memory-mapped, 
read-write register. It has the same bit format as the SMC event register. If a bit in the 
SMCM is a one, the corresponding interrupt in the SMC event register will be enabled. If 
the bit is zero, the corresponding interrupt in the SMC event register will be masked. The 
SMCM is clear upon reset. 

7.12 SERIAL PERIPHERAL INTERFACE (SPI) 

The SPI allows the QUICC to exchange data between other QUICC chips, the MC68302, 
the M68HC11 and M68HC05 microcontroller families, and a number of peripheral devices 
such as EEPROMs, real-time clock devices, A/D converters, and ISDN devices. 

7.12.1 Overview 

The SPI is a full-duplex, synchronous, character-oriented channel that supports a four- 
wire interface (receive, transmit, clock, and slave select). 

The SPI block consists of transmitter and receiver sections, an independent baud rate 
generator, and a control unit. The transmitter and receiver sections use the same clock, 
which is derived from the SPI baud rate generator in master mode and generated 
externally in slave mode. During an SPI transfer, data is transmitted and received 
simultaneously. Refer to Figure 7-80 for the SPI block diagram. 
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Figure 7-80. SPI Block Diagram 

NOTE 

The SPI is a superset of the MC68302 serial communications 
port (SCR). 

The SPI receiver and transmitter are double-buffered as shown in the block diagram. This 
corresponds to an effective FIFO size (latency) of 2 characters. 

Note that the LSB of the SPI is labeled as data bit on the serial line; whereas, other 
devices, such as the MCI 45554 CODEC, may label the MSB as data bit 0. The QUICC 
SPI bit 7 (MSB) is shifted out first. 

When the SPI is not enabled in the SPMODE, it consumes minimal power. 

7.12.2 SPi Key Features 

The SPI contains the following key features: 




• Four-Wire Interface (SPIMOSI, SPIMISO, SPICLK, and SPISEL) 

• Full-Duplex Operation 

• Works with Data Characters from 4 to 16 Bits in Length 

• Supports Back-to-Back Character Transmission and Reception 

• Master or Slave SPI Modes Supported 

• Multi-Master Environment Support 
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• Continuous Transfer Mode for Auto Scanning of a Peripheral 

• Supports Clock Rates up to 6.25 MHz in Master Mode and up to 12.5 MHz in Slave 
Mode (Assuming a 25-MHz System Clock) 

• Independent Programmable Baud Rate Generator 

• Programmable Clock Phase and Polarity 

• Open-Drain Output Pins Support Multi-Master Configuration 

• Local Loopback Capability for Testing 

7.12.3 SPI Clocking and Pin Functions 

The SPI can be configured as a master for the serial channel, meaning that it generates 
both the enable and clock signals, or as slave, meaning that the enable and clock signals 
are inputs to the SPI. The SPI also supports operation in a multi-master environment. 

When the SPI is a master, the SPI baud rate generator is used to generate the SPI 
transmit and receive clocks. The SPI baud rate generator takes its Input from the 
BRGCLK. 

The BRGCLK is generated In the clock synthesizer of the QUICC specifically for the SPI 
baud rate generator and the other four baud rate generators in the CPM. BRGCLK 
defaults to the system frequency (25 MHz). However, the clock synthesizer In the SIM60 
has an option to divide the BRGCLK by 1, 4, 16, or 64 before it leaves the clock 
synthesizer. Whatever the resulting frequency of BRGCLK, the user may use that 
BRGCLK frequency as the input to the SPI baud rate generator. 

The ability to reduce the frequency of BRGCLK before it leaves the clock synthesizer is 
useful for two reasons. First, in a low-power mode, the baud rate generator clocking could 
be a significant factor in overall QUICC power consumption. Thus, if none of the QUICC 
baud rate generators need to generate high frequencies nor require a high resolution in 
the user application, a lower frequency BRGCLK may be input to the baud rate 
generators. Secondly, the user may wish to dynamically change the general system clock 
frequency in the clock synthesizer (SLOW GO mode), while still having the baud rate 
generator run at the original frequency. The BRGCLK allows this option also. 

The SPI master-in slave-out (SPIMISO) pin is an input In master mode and an output In 
slave mode. The SPI master-out slave-in (SPIMOSI pin Is an output in master mode and 
an input In slave mode. The reason the pins names SPIMOSI and SPIMISO change 
functionality between master and slave mode is to support a multi-master configuration 
that allows communication from any SPI to any other SPI with the same hardware 
configuration. 

When the SPI is working as a master, SPICLK is the clock output signal that shifts in the 
received data from the SPIMISO pin and shifts out the transmitted data to the SPIMOSI 
pin. Additionally, an SPI master device must provide a slave select signal output to enable 
the SPI slave devices. This may be implemented using one of the QUICC's general- 
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purpose I/O pins. The SPISEL pin should not be asserted while the SPI is working as a 
master, or the SPI will indicate an error. 

When the SPI is working as a slave, SPICLK is the clock Input signal that shifts in the 
received data fro m the SPIMOSI pin and shifts out the transmitted data to the SPIMISO 
pin. The SPISEL pin provided by the QUICC is the enable input to the SPI slave. 



When the SPI is working in a multi-master environment, the SPISEL pin is still an Input 
and is used to detect an error condition when more then one master is operating. 

SPICLK is a gated clock (i.e., the clock only toggles while data is being transferred). The 
user can select any of four combinations of SPICLK phase and polarity using two bits in 
the SPI mode register (SPMODE). 

The SPI pins can also be configured as open-drain pins to support a multi-master 
configuration where the same SPI pin can be driven by the QUICC or an external SPI 
device. 

7.12.4 SPI Transmit/Receive Process 

The following paragraphs discuss SPI master, slave, and multi-master operation. 

7.12.4.1 SPI MASTER MODE. When the SPI functions in master mode, the SPI transmits 
a message to the peripheral (SPI slave), which in turn sends back a simultaneous reply. 
When the QUICC works with more than one slave, it can use the general-purpose parallel 
I/O pins to selectively enable different slaves. 

To begin the data exchange, the CPU32+ core writes the data to be transmitted into a 
data buffer, configures a Tx BD with its R-bit set and configures one or more Rx BDs. The 
CPU32+ core should then set the STR bit in the SPCOM to start transmission of data. The 
data will begin transmission once the SOMA channel has loaded the transmit FIFO with 
data. 

The SPI controller then generates programmable clock pulses on the SPICLK pin for each 
character and shifts the data out on the SPIMOSI pin. At the same time, the SPI shifts 
receive data in from the SPIMISO pin. This receive data is written into a receive buffer 
using the next available Rx BD. The SPI will continue transmitting and receiving 
character s until t he transmit buffer has been completely transmitted or an error has 
occurred (SPISEL pin unexpectedly asserted). The CP then clears the R and E bits in the 
Tx BD and Rx BD, and issues a maskable interrupt to the CPM interrupt controller. 

When multiple Tx BDs are ready for transmission, the Tx BD L-bit determines whether the 
SPI continues to transmit without waiting for the STR bit to be set again. If the L-bit is 
cleared, the data from the next Tx BD will begin its transmission following the transmission 
of data from the first Tx BD. In most cases, the user should see no delay on the SPIMOSI 
pin between buffers. If the L-bit Is set, transmission will cease after data from this Tx BD 
has completed transmission. In addition, the current Rx BD that is used to receive data is 
closed after the transmission completes, even if the receive buffer is not full. Thus, the 
user does not need to provide receive buffers of the same length as the transmit buffers. 
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If the SPI is the only master in a system , then the SPISEL pin can be used as a general- 
purpose I/O, and the internal SPISEL signal to the SPI will always be forced inactive 
intemally, eliminating the possibility of a multi-master error. 

7.12.4.2 SPi SLAVE MODE. When the SPI functions in slave mode, the SPI receives 
messages from an SPI master and, In tum, sends back a simultaneo us reply. The SPISEL 
pin must be asserted before receive clocks will be recognized. Once SPISEL is asserted, 
the SPICLK pin becomes an Input from the master to the slave. SPICLK may be any 
frequency from DC to the BRGCLK/2 (i.e., 12.5 MHz for a 25-MHz system). 

Before the data exchange, the CPU32-4- core writes the data to be transmitted into a data 
buffer, configures a Tx BD with Its R-bIt set, and configures one or more Rx BDs. The 
CPU32+ core should then set the ST R bit in th e SPCOM to enable the SPI to prepare the 
data for transmission and wait for the SPISEL pin to be asserted. Data is shifted out from 
the slave on the SPIMISO pin and shifted in through the SPIMOSI pin. A maskable 
interrupt is issued upon complete transmission or reception of a full buffer or after an error 
has occurred (receive overrun, transmit underrun, out of receive buffers, etc.). The SPI will 
then c ontinue reception using the next Rx BD in the ring until it runs out of receive buffers 
or the SPISEL pin Is negated. 



Transmission will co ntinue un til no more data is available to be transmitted or the SPISEL 
pin is negated. If the SPISEL pin is negated prior to all the transmit data being transmitted, 
transmission will cease, but the Tx BD will remain open. Further transmission from that 
point will continue once the SPISEL pin is reasserted and SPICLK begins tog gling. Aft er 
completing transmission of characters in the Tx DB, the SPI will transmit ones if SPISEL is 
not negated. 

7.12.4.3 SPI MULTI-MASTER OPERATION. The SPI can operate in a multi-master 
environment in which some SPI devices are connected on the same bus. In this 
configuration, th e SPIMO SI, SPIMISO, and SPICLK pins of all SPIs are connected 
together, and the SPISEL input pins are connected separately. In this environment, only 
one SPI device can work as a maste r at a tim e; all the others must be slaves. When the 
SPI is configured as a master and its SPISEL input goes active (low), a multi-master error 
has occurred since more than one SPI device is currently a bus master. The SPI sets the 
MME bit in the event register, and a maskable interrupt is issued to the CPU32+ core. It 
also disables the SPI operation and the output drivers of the SPI pins. 

The CPU32+ core should clear the EN bit the SPMODE before using the SPI again. After 
the problems are corrected, the MME bit should be cleared, and the SPI should be 
enabled In the same procedure as after a reset. 

7.12.5 SPI Programming Model 

The following paragraphs describe the registers in the SPI. 

7.12.5.1 SPI MODE REGISTER (SPMODE). SPMODE is a read-write register that 
controls both the SPI operation mode and the SPI clock source. SPMODE is cleared by 
reset. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



- 


LOOP 


CI 


CP 


DIV16 


REV 


M/S 


EN 


LEN 


PM3 


PM2 


PM1 


PMO 



Bit 15 — Reserved 
This bit should be cleared by the user. 

LOOP— Loop Mode 
When set, this bit selects the local loopback operation. The transmitter output is 
internally connected to the receiver input; the receiver and transmitter operate nomnally 
except that the received data is ignored. (Loopback mode does not invert the SPI data, 
as do some SPI-type devices such as the MC68302.) 

0= Normal operation. 

1 = The SPI is in loopback mode. 

CI— Clock Invert 
The CI bit inverts the SPI clock polarity (refer to Figures 7-80 and 7-81). 

= The inactive state of SPICLK is low. 

1 = The Inactive state of SPICLK is high. 

CP— Clock Phase 

The CP bit selects one of two fundamentally different transfer fonnats (refer to Figures 
7-80 and 7-81). 

0= SPICLK begins toggling at the middle of the data transfer. 
1 = SPICLK begins toggling at the beginning of the data transfer. 

DIV16— Divide by 16 

The DIV16 bit selects the clock source for the SPI baud rate generator when configured 
as an SPI master. In slave mode, the clock source is the SPICLK pin. 

= Use the BRGCLK as the input to the SPI baud rate generator. 

1 = Use the BRGCLK/16 as the input to the SPI baud rate generator. 

REV— Reverse Data 
The REV bit determines the receive and transmit character bit order. 

= Normal operation— MSB of character transmitted and received first. 

1 = Reverse data— LSB of character transmitted and received first. 

M/S— Master/Slave 

The M/S bit configures the SPI to work as a master or a slave. This bit is cleared only by 
the INTSYSRST signal (i.e., a hardware reset). 

= SPI is a slave. 

1 = SPI is a master. 
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EN— Enable SPI 

The EN bit enables the SPI operation. Note that SPIMOSI, SPIMISO, SPICLK, and 
SPISEL should be configured to connect to the SPI as described In 7.14.7 Port B 
Registers. When the EN bit Is cleared, the SPI is in a reset state and consumes 
minimal power— the SPI baud rate generator is not functioning and the input clock is 
disabled. 

0= SPI is disabled. 
1 = SPI is enabled. 

NOTE 

Other bits of the SPMODE should not be modified by the user 
while EN is set. 

LEN — Character Length 
The LEN field specifies how many bits are In a character. The value 0000 corresponds 
to 1 bit, and the value 1 1 1 1 corresponds to 1 6 bits. Acceptable values are In the range 
of 4 to 16 bits inclusive. Programming a value less than 4 bits may cause erratic 
behavior. 

If the LEN value is less than or equal to a byte, there will be LEN number of valid bits In 
every byte (8 bits) in memory. If the LEN value is greater than a byte, there will be LEN 
number of valid bits in every word (1 6 bits) in memory. 

PM3-PM0— Prescale Modulus Select 

These four bits specify the divide ratio of the prescale divider In the SPI clock generator. 
The BRGCLK is divided by 4 * ([PM3-PM0] + 1) giving a clock divide ratio of 4 to 64. 
The clock has a 50% duty cycle. 
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Figure 7-82. SPI Transfer Format with CP = 1 

7.12.5.2 SPI COMMAND REGISTER (SPCOM). The SPCOM is an 8-bit read-write 
register that is used to start SPI operation. 



7 


6 5 


4 3 2 


1 





STR 


RESERVED 



Bits 6-0— Reserved. 
These bits should be written with zeros by the user. 

STR— Start Transmit 

When the SPI is configured as a master, setting the STR bit to one causes the SPI 
controller to start the transmission and reception of data from/to the SPI transmit/receive 
buffers (if they are configured as ready by the user). 
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When the SPI is configured as a siave, setting the STR bit to one when the SPI is idle 
(between transfers) causes the SPI to load the transmit data register from the SPI 
transmit buffer and start transmission as soon as the next SPI input cloci<s and select 
signal are received. 
The STR bit is cleared automatically after one system clock cycle. 

7.12.5.3 SPI PARAMETER RAM MEMORY MAP. The SPI parameter RAM area (see 
Table 7-15) begins at the SPI base address. This area is used for the general SPI 
parameters. The user will notice that it is similar to the SCC general-purpose parameter 
RAM. 

Table 7-15. SPI Parameter RAM Memory Map 




Address 


Name 


Width 


Description 


SPI Base + 00 


RBASE 


Word 


Rx BD Base Address 


SPI Base-f 02 


TBASE 


Word 


Tx BD Base Address 


SPI Base+ 04 


RFCR 


Byte 


Rx Function Code 


SPI Base+ 05 


TFCR 


Byte 


Tx Function Code 


SPI Base+ 06 


MRBLR 


Word 


Maxinrjum Receive Buffer Length 


SPI Base+ 08 


RSTATE 


Long 


Rx Internal State 


SPI Base+ 00 




Long 


Rx Internal Data Pointer 


SPI Base-t- 10 


RBPTR 


Word 


Rx BD Pointer 


SPI Base-t- 12 




Word 


Rx Internal Byte Count 


SPI Base-t- 14 




Long 


Rx Tenrjp 


SPI Base-t- 18 


TSTATE 


Long 


Tx Internal State 


SPI Base-t- 1C 




Long 


Tx Internal Data Pointer 


SPI Base-t- 20 


TBPTR 


Word 


Tx BD Pointer 


SPI Base-t- 22 




Word 


Tx Internal Byte Count 


SPI Base-t- 24 




Long 


Tx Temp 



NOTE: The items in boldface should be initialized by the user. 

Certain parameter RAM values (marked In boldface) need to be initialized by the user 
before the SPI is enabled; other values are initialized by the CP. Once initialized, the 
parameter RAM values will not normally need to be accessed by user software. They 
should only be modified when no SPI activity is in progress. 

7.12.5.3.1 BD Table Pointer (RBASE, TBASE). The RBASE and TBASE entries define 
the starting location in the dual-port RAM for the set of BDs for receive and transmit 
functions of the SPI. This provides a great deal of flexibility in how BDs for an SPI are 
partitioned. By setting the W-bit in the last BD in each BD list, the user may select how 
many BDs to allocate for the transmit and receive side of the SPI. The user must initialize 
these entries before enabling the SPI. Furthermore, the user should not configure BD 
tables of the SPI to overlap any other serial channel's BDs, or erratic operation will occur. 
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NOTE 

RBASE and XBASE should contain a value that is divisible by 8. 

7.12.5.3.2 SPI Function Code Registers (RFCR, TFCR). The PC entry contains the 
value that the user would like to appear on the function code pins (FC3-FC0), when the 
associated SOMA channel accesses memory. It also controls the byte-ordering 
convention to be used in the transfers. 

Receive Function Code Register 



- 


MOT 


FC3-FC0 



Bits 7-5— Resen/ed 
These bits should be set to zero by the user. 

MOT— Motorola 
This bit should be set by the user to achieve normal operation. MOT must be set if the 
data buffer is located in external memory and has a 16-bit wide memory port size. 

= DEC and Intel convention is used for byte ordering — ^swapped operation. It is 

also called little-endian byte ordering. The bytes stored in each buffer word are 
reversed as compared to the Motorola mode. 

1 = Motorola byte ordering — normal operation. It is also called big-endian byte 

ordering. As data is received from the serial line and put into the buffer, the most 
significant byte of the buffer word contains data received earlier than the least 
significant byte of the same buffer word. 

FC3-FC0— Function Code 3-0 
These bits contain the function code value used during this SOMA channel's memory 
accesses. The user should wtite bit FC3 with a one to identify this SOMA channel 
access as a DMA-type access. Example: FC3-FC0 = 1000. To keep interrupt 
acknowledge cycles unique in the system, do not write the value 01 1 1 binary to these 
bits. 

Transmit Function Code Register 




- 


MOT 


FC3-FC0 



Bits 7-5 — Reserved. 

These bits should be set to zero by the user. 
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MOT— Motorola 

This bit sJiQuld be set by the user to achieve normal operation. MOT must be set if the 
data buffer is located in external memory and has a 16-bit wide memory port size. 

= DEC and Intel convention is used for byte ordering — ^swapped operation. It is 

also called little-endian byte ordering. The transmission order of bytes within a 
buffer word is reversed as compared to the Motorola mode. 

1 = Motorola byte ordering— nomial operation. It is also called big-endian byte 

ordering. As data is transmitted onto the serial line from the data buffer, the most 
significant byte of the buffer word contains data to be transmitted earlier than the 
least significant byte of the same buffer word. 

FC3-FC0— Function Code 3-0 

These bits contain the function code value used during this SOMA channel's memory 
accesses. The user should write bit FC3 with a one to identify this SOMA channel 
access as a DMA-type access. Example: FC3-FC0 = 1 000. To keep Interrupt 
acknowledge cycles unique in the system, do not write the value 01 1 1 (binary) to these 
bits. 

7.12.5.3.3 Maximum Receive Buffer Length Register (MRBLR). The SPI has one 
MRBLR to define the receive buffer length for that SPI. MRBLR defines the maximum 
number of bytes that the QUICC will write to a receive buffer on that SPI before moving to 
the next buffer. The QUICC may write fewer bytes to the buffer than the MRBLR value if a 
condition such as an error or end-of-frame occurs, but it will never write more bytes than 
the MRBLR value. It follows, then, that buffers supplied by the user for use by the QUICC 
should always be of size MRBLR (or greater) in length. 

The transmit buffers for an SPI are not affected in any way by the value programmed into 
MRBLR. Transmit buffers may be individually chosen to have varying lengths, as needed. 
The number of bytes to be transmitted is chosen by programming the data length field in 
theTxBD. 

NOTES 

MRBLR is not intended to be changed dynamically while an 
SPI is operating. However, if it is modified in a single bus cycle 
with one 16-bit move (NOT two 8-bit bus cycles back-to-back), 
then a dynamic change in receive buffer length can be 
successfully achieved. This takes place when the CP moves 
control to the next Rx BD in the table. Thus, a change to 
MRBLR will not have an immediate effect. To guarantee the 
exact Rx BD on which the change will occur, the user should 
change MRBLR only while the SPI receiver is disabled. 

The MRBLR value should be greater than zero and should be 
even if the character length of the data is greater than eight 
bits. 
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7.12.5.3.4 Receiver Buffer Descriptor Pointer (RBPTR). The RBPTR for each SPI 
channel points to the next BD that the receiver will transfer data to when it is in idle state 
or to the current BD during frame processing. After a reset or when the end of the BD 
table is reached, the CP initializes this pointer to the value programmed in the RBASE 
entry. Although RBPTR need never be written by the user in most applications, it may be 
modified by the user when the receiver is disabled or when the user is sure that no receive 
buffer is currently in use. 

7.12.5.3.5 Transmitter Buffer Descriptor Pointer (TBPTR). The TBPTR for each SPI 
channel points to the next BD that the transmitter will transfer data from when it is in idle 
state or to the current BD during frame transmission. After a reset or when the end of BD 
table is reached, the CP initializes this pointer to the value programmed in the TBASE 
entry. Although TBPTR need never be written by the user in most applications, it may be 
modified by the user when the transmitter is disabled or when the user is sure that no 
transmit buffer is currently in use. 

7.12.5.3.6 Other General Parameters. Additional parameters are listed in Table 7-15. 
These parameters do not need to be accessed by the user in normal operation, and are 
listed only because they may provide helpful information for experienced users and for 
debugging. I 

The Rx and Tx internal data pointers are updated by the SDMA channels to show the next ' 
address in the buffer to be accessed. 

The Tx internal byte count is a down-count value that is initialized with the Tx BD data 
length and decremented with every byte read by the SDIVIA channels. The Rx Internal byte 
count is a down-count value that is initialized with the MRBLR value and decremented 
with every byte written by the SDMA channels. 

NOTE 

To extract data from a partially full buffer, the CLOSE Rx BD 
command may be used. 

The Rx internal state, Tx internal state, Rx temp, Tx temp, and reserved areas are for 
RISC use only. 

7.12.5.4 SPI COi\/ll\/iANDS. The following transmit and receive commands are issued to 
the CR. 

7.12.5.4.1 INIT TX PARAMETERS Command. This command initializes all transmit 
parameters in this serial channel's parameter RAIVI to their reset state. This command 
should only be issued when the transmitter is disabled. Note that the INIT TX AND RX 
PARAMETERS command may also be used to reset both transmit and receive 
parameters. 

7.12.5.4.2 CLOSE Rx BD Command. The CLOSE Rx BD command is used to force the 
SPI controller to close the current Rx BD, if it is currently being used, and to use the next 
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BD for any subsequent data that is received. If the SPI controller is not in the process of 
receiving data, no action is taken by this command. 

7.12.5.4.3 INIT RX PARAMETERS Command. This command initializes all the receive 
parameters in this serial channel's parameter RAM to their reset state. This command 
should only be issued when the receiver is disabled. Note that the INIT TX AND RX 
PARAMETERS command may also be used to reset both receive and transmit 
parameters. 

7.12.5.5 SPI BUFFER DESCRIPTOR RING. The data associated with the SPI is stored in 
buffers, which are referenced by BDs organized in a BD ring located in the dual-port RAM 
(see Figure 7-83). This ring has the same basic configuration as those used by the SCCs 
andSMCs. 

The BD ring allows the user to define buffers for transmission and buffers for reception. 
Each BD ring forms a circular queue. The OP confirms reception and transmission or 
indicates error conditions using the BDs to inform the processor that the buffers have 
been serviced. 

The actual buffers may reside in either extemal memory or internal memory. Data buffers 
may reside in the parameter area of an SCO if it is not enabled. 
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Figure 7-83. SPI Memory Structure 

7.12.5.5.1 SPI Receive Buffer Descriptor (Rx BD). The OP reports information about 
each buffer of received data using Rx BDs. The OP closes the current buffer, generates a 
maskable interrupt, and starts receiving data in the next buffer when the current buffer is 
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full. Add itionally, it will close the buffer when the SPI is configured as a slave and the 
SPISEL pin goes to an inactive state, indicating that the reception process is temiinated. 

The first word of the Rx BD contains status and control bits. These bits are prepared by 
the user before reception and are set by the CP after the buffer has been closed. The 
second word contains the data length, in bytes, that was received. The third and fourth 
words contain a pointer that always points to the beginning of the received data buffer. 
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The following bits should be written by the CPU32+ core before enabling the SPI. 

E — Empty 

= The data buffer associated with this Rx BD has been filled with received data, or 

data reception has been aborted due to an error condition. The CPU32+ core is 
free to examine or write to any fields of this Rx BD. The CP will not use this BD 
again while the E-bit remains zero. 

1 = The data buffer associated with this BD is empty, or reception is currently in 

progress. This Rx BD and its associated receive buffer are owned by the CP. 
Once the E-bit is set, the CPU32+ core should not write any fields of this Rx BD. 

Bits 14, 10, 8-2— Reserved 

W— Wrap (Final BD in Table) 

= This is not the last BD in the Rx BD table. 

1 = This is the last BD in the Rx BD table. After this buffer has been used, the CP will 

receive incoming data into the first BD in the table (the BD pointed to by RBASE). 
The number of Rx BDs in this table is programmable and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

No interrupt is generated after this buffer has been filled. 

1 The RXB bit in the SPI event register will be set when this buffer has been 
completely filled by the CP, indicating the need for the CPU32+ core to process 
the buffer. The RXB bit can cause an interrupt if it is enabled. 
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CM— Continuous Mode 
This bit is valid only when the SPI is configured as a master; it should be written as a 
zero in slave mode. 

= Normal operation. 

1 = The E-bit is not cleared by the CP after this BD is closed, allowing the associated 

data buffer to be oven/vritten automatically when the CP next accesses this BD. 
This allows continuous reception from an SPI slave into one buffer for 
autoscanning of a serial A/D peripheral with no CPU overhead. 

The following status bits are written by the SPI after the received data has been placed 
into the associated data buffer. 

L— Last 

This bit is set by the SPI controller when the buffer is closed due to negation of the 
SPISEL pin. This can only occur when the SPI is a slave; otherwise, the ME bit is set. 

= This buffer does not contain the last character of the message. 

1 = This buffer contains the last character of the message. 

OV — Overrun 

A receiver overrun occurred during reception. This error can only occur when the SPI is 
a slave. 

ME — Multi-Master Error 

This buffer was closed because the SPISEL pin was asserted when the SPI was 
operating as a master. This indicates a synchronization problem between multiple 
masters on the SPI bus. 

Data Length 

Data length is the number of octets that the CP has written into this BD's data buffer. It 
is written once by the CP as the BD is closed. 

NOTE 

The actual amount of memory allocated for this buffer should 
be greater than or equal to the contents of the MRBLR. 

Rx Data Buffer Pointer 
The receive buffer pointer, which always points to the first location of the associated 
data buffer, must be even. The buffer may reside in either internal or external memory. 

7.12.5.5.2 SPI Transmit Buffer Descriptor (Tx BD). Data to be transmitted with the SPI 
is presented to the CP by arranging it in buffers referenced by the Tx BD ring. The first 
word of the Tx BD contains status and control bits. 



7-332 MC68360 USER'S MANUAL MOTOROLA 



SPI 





15 


14 


13 


12 


11 


10 





8 


7 


6 


5 


4 


3 


2 


1 





OFFSET +0 


R 


- 


W 


1 


L 


— 


CM 


— 


— 


— 


— 


— 


— 


— 


UN 


ME 


OFFSET +2 


DATA LENGTH 


OFFSET +4 
OFFSET +6 


TX DATA BUFFER POINTER 



The following bits should be prepared by the user before transmission. 

R— Ready 

= The data buffer associated with this BO is not ready for transmission. The user is 

free to manipulate this BD or its associated data buffer. The CP clears this bit 
after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 

been transmitted or is currently being transmitted. No fields of this BD may be 
written by the user once this bit is set. 

Bits 14, 10, 8-2— Reserved 

W— Wrap (Final BD in Table) 

This is not the last BD in the Tx BD table. 

1 This is the last BD in the Tx BD table. After this buffer has been used, the CP will 
receive incoming data into the first BD in the table (the BD pointed to by TBASE). 
The number of Tx BDs in this table is programmable, and is determined only by 
the W-bit and the overall space constraints of the dual-port RAM. 

I — Interrupt 

No interrupt is generated after this buffer has been serviced. 

1 The TXB or TXE bit in the event register is set when this buffer is serviced. TXB 
and TXE can cause interrupts if they are enabled. 

L— Last 

This buffer does not contain the last character of the message. 

1 This buffer contains the last character of the message. 

CM — Continuous Mode 

This bit is valid only when the SPI is configured as a master; it should be written as a 
zero in slave mode. 

Normal operation. 

1 The R-bit is not cleared by the CP after this BD is closed, allowing the associated 
data buffer to be retransmitted automatically when the CP next accesses this BD. 

The following status bits are written by the SPI after it has finished transmitting the 
associated data buffer. 

UN — Underrun 

The SPI encountered a transmitter underrun condition while transmitting the associated 
data buffer. This error condition is valid only when the SPI is configured as a slave. 
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ME — Multi-Master Error 
This buffer was closed because the SPISEL pin was asserted when the SPI was 
operating as a master. This indicates a synchronization problem between multiple 
masters on the SPI bus. 

Data Length 

The data length is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CP. This value should normally be greater than zero. 

If the number of data bits in the character is greater than 8, then the data length should 
be even. Example: to transmit three characters of 8-bit data, 1 start, and 1 stop, the 
data length field should be initialized to 3. However, to transmit three characters of 9-bit 
data, the data length field should be initialized to 6 since the three 9-bit data fields 
occupy three words in memory (the 9 LSBs of each word). 

Tx Data Buffer Pointer 

The transmit buffer pointer, which always points to the first location of the associated 
data buffer, may be even or odd (unless the number of actual data bits in the character 
is greater than 8 bits, in which case the transmit buffer pointer must be even). The 
buffer may reside in either internal or external memory. 

7.12.5.6 SPI EVENT REGISTER (SPIE). The SPIE is an 8-bit register used to report 
events recognized by the SPI and to generate interrupts. Upon recognition of an event, 
the SPI sets Its corresponding bit in the SPIE. Interrupts generated by this register may be 
masked in the SPI mask register. 

The SPIE is a memory-mapped register that may be read at any time. A bit is cleared by 
writing a one (writing a zero does not affect a bit's value). More than one bit may be 
cleared at a time. All unmasked bits must be cleared before the CP will clear the internal 
interrupt request. This register is cleared at reset. 
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Bits 7, 6, 3— Reserved 

MME — Multi-Master Error 

The SPI detected that the SPISEL pin was asserted externally while the SPI was in 
master mode. 

TXE — ^Tx Error 
An error occurred during transmission (underrun in SPI slave mode). 

BSY— Busy Condition 

Received data has been discarded due to a lack of buffers. This bit is set after the first 
character is received for which there is no receive buffer available. 
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TXB— Tx Buffer 

A buffer has been transmitted. This bit is set once the transmit data of tlie last character 
in the buffer was written to the transmit FIFO. The user must wait two character times to 
be sure that the data was completely sent over the transmit pin. 

RXB— Rx Buffer 

A buffer has been received. This bit is set after the last character has been written to the 
receive buffer and the Rx BD is closed. 

7.12.5.7 SPI MASK REGISTER (SPIM). The SPM is an 8-bit read-write register that has 
the same bit formats as the SPI event register. If a bit in the SPIM is one, the 
corresponding interrupt in the SPIE is enabled. If the bit is zero, the corresponding 
interrupt in the SPIE will be masked. This register is cleared at reset. 

7.12.6 SPI Master Example 

The following list is an initialization sequence for a high-speed use of the SPI as a master. 

1 . Configure the port B pins to enable the SPIMOSI, SPIMISO, and SPICLK pins. 
Write PBPAR bits 1 , 2, and 3 with ones. Write PBDIR bits 1 , 2, and 3 with ones. i 
Write PBODR bits 1 , 2, and 3 with zeros. 

NOTE ' 



In the case of multi-master operation, the SPiSEL pin should 
also be enabled to internally connect to the SPI. 

2. Configure a parallel I/O pin to operate as the SPI select pin if needed. Supposing 
PBO Is chosen, write PBODR bit with a zero, PBDIR bit with a one, and PBPAR 
bit with a zero. Write PBDAT bit with a zero to constantly assert the select pin. 

3. Write RBASE and TBASE in the SPI parameter RAM to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

4. Write RFCR with $18 and TFCR with $18 for normal operation. 

5. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 16 bytes, so MRBLR = $0010. 

6. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 in main memory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required- 
done for instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

7. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-blt characters. Write $B800 to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

8. Write $FF to the SPIE to clear any previous events. 

9. Write $37 to the SPIM to enable all possible SPI interrupts. 

10. Write $00000020 to the CIMR to allow the SPI to generate a system interrupt. 
(The CICR should also be initialized.) 
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1 1 . Write $0370 to SPMODE to enable normal operation (not loopback), master 
mode, SPI enabled, 8-blt characters, and the fastest speed possible. 

12. Set the STR bit in the SPCOM to start the transfer. 

NOTE 

After 5 bytes have been transmitted, the Tx BD is closed. 
Additionally, the receive buffer is closed after 5 bytes have 
been received because the L-bit of the Tx BD was set. 

7.12.7 SPI Slave Example 

The following list is an initialization sequence for u se of the SPI as a slave. It is very 
similar to the SPI master example except that the SPISEL pin is used, rather than a 
general-purpose I/O pin. 




1. Configure the port B pins to enable the SPIMOSI, SPIMISO, SPISEL, and SPICLK 
pins. Write PBPAR bits 0, 1 , 2, and 3 with ones. Write PBDIR bits 0, 1 , 2, and 3 
with ones. Write PBODR bits 0, 1 , 2, and 3 with zeros. 

2. Write RBASE and TBASE In the SPI parameter RAIVI to point to the Rx BD and Tx 
BD in the dual-port RAM. Assuming one Rx BD at the beginning of dual-port RAM 
and one Tx BD following that Rx BD, write RBASE with $0000 and TBASE with 
$0008. 

3. Write RFCR with $1 8 and TFCR with $1 8 for normal operation. 

4. Write MRBLR with the maximum number of bytes per receive buffer. For this case, 
assume 16 bytes, so MRBLR = $0010. 

5. Initialize the Rx BD. Assume the Rx data buffer is at $00001000 in main nriemory. 
Write $B000 to Rx_BD_Status. Write $0000 to Rx_BD_Length (not required- 
done for instructional purposes only). Write $00001000 to Rx_BD_Pointer. 

6. Initialize the Tx BD. Assume the Tx data buffer is at $00002000 in main memory 
and contains five 8-bit characters. Write $B800 to Tx_BD_Status. Write $0005 to 
Tx_BD_Length. Write $00002000 to Tx_BD_Pointer. 

7. Write $FF to the SPIE to clear any previous events. 

8. Write $37 to the SPIM to enable all possible SPI interrupts. 

9. Write $00000020 to the CIMR to allow the SPI to generate a system interrupt. (The 
CICR should also be initialized.) 

10. Write $0170 to SPMODE to enable nomfial operation (not loopbacl<), master 
mode, SPI enabled, and 8-blt characters. The SPI baud rate generator speed is 
ignored because the SPI is in slave mode. 

11. Set the STR bit in the SPCOM to enable the SPI to be ready once the master 
begins the transfer. 
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NOTE 

If the master transmits 3 bytes and negates the SPISEL pin, 
the Rx BD will be closed, but the Tx BD will remain open. If the 
master transmits 5 or more bytes, the Tx BD will be closed 
afte r the 5th byte. If the master transmits 1 6 bytes and negates 
the SPISEL pin, the Rx BD will be closed with no errors, and 
no out-of-buffers error will occur. If the master transmits more 
than 16 bytes, the Rx BD will be closed (completely full), and 
the out-of-buffers error will occur after the 17th byte is 
received. 

7.1 2.8 SPI Interrupt Handling 

The following list describes what would normally occur within an interrupt handier for the 
SPI. 

1 . Once an Interrupt occurs, the SPIE should be read by the user to see which sources 
have caused interrupts. The SPIE bits would normally be cleared at this time. 

2. Process the Tx BD to reuse it and the Rx BD to extract the data from it. To transmit 
another buffer, simply set the Tx BD R-bit, the Rx BD E-bit, and the STR bit in i 
SPCOM. 

3 . Clear the SPI bit in the CISR. ' 

4. Execute the RTE instruction. 

7.1 3 PARALLEL INTERFACE PORT (PIP) 

The PIP is a function of the CPM that allows data to be transferred to and from the QUICC 
over 8 or 16 parallel data pins. The pins of the PIP are multiplexed with the 18-bit port B 
parallel I/O port. The PIP supports the Centronics interface and a fast parallel connection 
between QUiCCs. When the PIP Is used, the SMC2 channel is not available. 

7.13.1 PIP Key Features 

The PIP contains the following key features: 

• 18 General-Purpose I/O Pins 

• Three Handshake Modes 

• Programmable Handshake Timing Attributes 

• Supports Centronics and Receiver/Transmitter Interface 

• Allows Bidirectional Centronics (PI 284) Operation To Be Implemented 

• Supports Fast Connection Between QUICCs 

• Can Be Controlled by the CPU32+ Core or by the CPM RISC 

7.13.2 PIP Overview 

The PIP is shown in Figure 7-84. The PIP may be operated as an 18-bit general-purpose 
I/O port or in one of three handshake modes: 
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• 8- or 16-Bit Strobed I/O Port with Two Interlocked Handshake Signals 

• 8- or 16-Bit Strobed I/O Port with Two Pulsed Handshake Signals 

• 8- or 16-Bit Transparent I/O Port with No Handshake Signals 

When in one of the handshake modes, the PIP is controlled either by the RISC controller 
or the CPU32+ core. When the PIP is under RISC control, data is prepared by the 
CPU32+ core (or other host processor) using the same general BD structures as are used 
for the SCCs. Thus, the PIP can transfer or receive blocks of characters without 
Interrupting the host processor. The data block may span several linked buffers; therefore, 
an entire block may be received or transmitted without intervention from the CPU32+ core. 
When the PIP Is under CPU32+ core control (or the control of an external processor), the 
PIP is controlled directly by the core one byte/word at a time. 

When the interlocked or pulsed handshake modes are used, the PIP offers programmable 
timing attributes such as setup time, pulse width, etc. The interlocked handshake mode 
supports level-sensitive handshake control signals. The pulsed handshake mode supports 
edge-sensitive handshakes like those used for the Centronics intertace. 

The PIP mode of operation may be configured Independently for two groups of port B 
pins: PB7-PB0 and PB17-PB8. This configuration allows an 8-bit PIP data port to be 
defined, rather than a full 16-blt data port. 
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Figure 7-84. PIP Block Diagram 

The PIP shares several registers with the SMC2 serial channel. SMC2 is not available and 
should not be enabled if the PIP is used. If SMC2 is enabled, erratic behavior will occur. 
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7.13.3 General-Purpose 1/0 Pins (Port B) 

In this configuration, the PIP is not used, but rather operates as general-purpose parallel 
I/O port B. See 7.13.8 Port B Registers for more details. 

7.13.4 Interlodced Data Transfers 

In the Interlocked handshake mode, the PIP may be configured as a transmitter or a 
receiver. This configuration allows a fast connection between QUICCs, and may be used 
for the P1284-protocol advanced byte transfer mode. 

The interlocked handshake mode may be controlled by the RISC or the CPU32+ core. 
Operation using the RISC requires BDs and parameter RAI\^ initialization very similar to 
the other serial channels. Data Is then stored in the buffers using one of the SDMA 
channels (one of the available channels from SMC2). Operation by the CPU32+ core is 
performed by software-controlled reads and writes frorn/to the PIP data register upon 
Interrupt request. 

NOTE 

At the time of writing, RISC operation of the PIP has not been i 

fully defined. The user should use the CPU32+ core operation 

mode, until such time as RISC microcode becomes available ' 

or the full PIP microcode is available in the RISC intemal ROM. 

Please contact the local Motorola sales representative to 

obtain the current status of the PIP RISC microcode. In the 

following description, the RISC reads and writes of the data 

register are replaced by CPU32+ core reads and writes. 



When configured as a transmitter, the STBO pin (PB16) is used as a strobe output (STB) 
handshake control signal, and the STBI pin (PB1 7) is use d as an acknowledge (ACK) 
input. When c onfigu red as a receiver, the PIP generates the ACK signal on the STBO pin 
and inputs the STB signal on the STBI pin. 

Bits PB16 and PB17 in the port B data direction register (PBDIR) and the port B data 
register (PBDAT) corresponding to STBO and STBI are not valid and are ignored by the 
PIP in the interlocked handshake mode. 

When the PIP is in this mode and is configured as a transmitter, the RISC controller loads 
data into the output latch when it receives a request to begin transfers from the host 
proc essor (see Figure 7-85). Once data is loa ded, after a programmable setup time, the 
STB signal is a sserte d (low). Then when ACK i s sampled as low, the data is transmitted, 
followed by the STB bein g negated (high). STB remains high until new data Is loaded into 
the output latch and ACK is negated (high). 



When the PIP is configured as a receiver, input d ata is latched when the STB signal is 
sampled as low. The ACK signal is then asserted. ACK will be negated (high) when the 
data has been removed from the input latch. 
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Thus, to connect to QUICCs using this interface, connect the STBO pin of each QUICC to 
the STBi pin of the other and connect the desired data pins (either PB8-PB15 or PBO- 
PB15 are connected between QUICCs). 
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Figure 7-85. Interlock Handshake Mode 

7.13.5 Pulsed Data Transfers 

In the pulsed handshake mode, the PIP may be configured as a transmitter or a receiver. 
This configuration allows a Centronics-compatible interface to be implemented. 

The pulsed handshake mode may be controlled by the RISC or the CPU32+ core. 
Operation using the RISC requires BDs and parameter RAM initialization very similar to 
the other serial channels. Data is then stored in the buffers using one of the SOMA 
channels (one of the available channels from SMC2). Operation by the CPU32+ core is 
performed by software-controlled reads and writes frorn/to the PIP data register upon 
Interrupt request. 

NOTE 

At the time of writing, RISC operation of the PIP has not been 
fully defined. The user should use the CPU32+ core operation 
mode until as RISC microcode becomes available or the full 
PIP microcode is available in the RISC internal ROM. Please 
contact the local Motorola sales representative to obtain the 
current status of the PIP RISC microcode. In the following 
description, the RISC reads and writes of the data register are 
replaced by CPU324- core reads and writes. 



When configured as a transmitter, the STBO pin (PB16) is used as a strobe output (STB) 
handshake control signal, and the STBI pin (PB17) is use d as an acknowledge (ACK) 
input. When c onfigu red as a receiver, the PIP generates the ACK signal on the STBO pin 
and inputs the STB signal on the STBI pin. 
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Bits PB16 and PB17 in the port B data direction register (PBOIR) and tlie port B data 
register (PBDAT) corresponding to STBO and STBI are not valid and are ignored by tlie 
PIP when the pulsed handshake mode is selected. 



When configured as a transmitter, the PIP generates the STB signal when data is ready in 
the PIP'S output latch and the previous transfer has been acl<nowledged (see Figure 
7-86). The setup time and the strobe puls e wid th are user programmable. When 
configured as a receiver, the PIP uses the STB signal to latch the in put data and 
acl<nowledges the transfer with the ACK signal. The timing of the ACK signal is user 
programmable. 
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Figure 7-86. Pulsed Handshake Full Cycle 

7.13.5.1 BUSY SIGNAL. In the pulsed handshake mode, the PIP receiver can generate 
an additional BUSY handshake signal, which is useful to implement the Centronics 
reception interface (see Figure 7-87). The BUSY signal is an output indication of a transfer 
In service. It is asserted by the Centronics receiver as soon as the data is latched into the 



MOTOROLA 



MC68360 USER'S MANUAL 



7-341 



CPIC 



PIP data register. The timing of BUSY negation in relation to tlie ACK signal is user 
programmable. Two bits in the PIP configuration register enable the assertion and 
negation of the BUSY signal via the host processor software. 

The BUSY signal is multiplexed onto PBO; therefore, it is not possible to use the BUSY 
signal with a full 16-bit PIP interface. BUSY can be used with the standard 8-bit PIP 
interface to implement Centronics functions. 

When in the pulsed handshake mode, the PIP tran smitte r may be configured to ignore the 
BUSY signal or to suspend the assertion of the STB output until the receiver's BUSY 
signal is negated. 
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Figure 7-87. Pulsed Handshake Busy Signal 



7.13.5.2 PULSED HANDSHAKE TIMING. The pulsed handshake mode transmitter timing 
is shown in Figure 7-88. In the pulsed handshake mode, four Centronics receive timing 
options select the relative timing of the BUSY signal to the ACK signal. 

The timing parameters for the pulsed handshake mode are governed by two user- 
programmable timing parameters, TPAR1 and TPAR2. Each parameter defines an 
interval from 1 to 256 system clocks. Figures 7-89 through 7-92 show the definition of 
TPAR1 and TPAR2 in the four receive modes. 
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Figure 7-88. Centronics Transmitter Timing 
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Figure 7-89. Centronics Receiver Timing l\Aode 
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Figure 7-90. Centronics Receiver Timing IMode 1 
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Figure 7-91. Centronics Receiver Timing l\/lode 2 
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Figure 7-92. Centronics Receiver Timing l\/lode 3 
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7.13.6 Transparent Data Transfers 

In the transparent handshake mode, the PIP may be configured as a transmitter or a 
receiver. This configuration has only one handshake pin. 

The transparent mode Is controlled only by the RISC. Operation using the RISC requires 
BDs and parameter RAM initialization very similar to the other serial channels. Data is 
then stored in the buffers using one of the SOMA channels (one of the available channels 
from SMC2). 

NOTE 

At the time of writing, this operation of the PIP has not been 
fully defined. This PIP operation may be implemented by the 
CPU32+ core, using the port B parallel I/O registers and any 
port C interrupt pin. 

In this mode, the 817 pin falling edge generates the request to the RISC, which causes 
the RISC to receive/transmit data. The direction of the pins is controlled by the port B data 
direction register (PBDIR). The transparent handshake mode is shown in Figure 7-93. 
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Figure 7-93. PIP Transparent Handshake Mode 

7.13.7 Programming l\/lodel 

The following paragraphs describe the PIP registers and parameter RAIVI. 

7.13.7.1 PARAI\/IETER RAM. At the time of writing, RISC operation on the PIP has not 
been fully defined. The user should use the CPU32+ core operation mode until the RISC 
microcode becomes available or the full PIP microcode becomes available in the RISC 
internal ROM. Please contact the local Motorola sales representative to obtain the current 
status of the PIP RISC microcode. 
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7.13.7.2 PIP CONFIGURATION REGISTER (PIPC). The PIPC is a 16-bit read-write 
register that is cleared at reset. The PIPC determines all PIP options. 
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STR —Start (Valid for a Transmitter Only) 

This bit is valid only when the T/R bit is set to 1 (transmitter). Setting this bit to 1 causes 
the RISC controller to poll the Tx BD. Thus, the user should prepare a Tx BD and set its 
R- bit before setting STR. STR is cleared after one system clock. 

Bits 14-12— Reserved 

SACK— Set Acknowledge 

When set, this bit will assert the receiver's ACK output (low voltage), regardless of the 
receiver's state. SACK should be used when implementing the IEEE P1284 
Bidirectional Centronics protocol. 

CBSY— Clear BUSY 
This bit is used by host software to force the BUSY signal low for a Centronics receiver. 
When CBSY is set, the BUSY signal will output at (low voltage). CBSY is cleared after 
the PIP negates the BUSY signal. 

NOTE 

The T/R bit should be set to (receiver) if CBSY is used. 

SBSY— Set BUSY 
This bit is used by host software to force the BUSY signal high for a Centronics 
receiver. When SBSY is set, the BUSY signal will output a 1 (high voltage). SBSY is 
cleared after the PIP asserts the BUSY signal. 

NOTE 

The T/R bit should be set to (receiver) if SBSY Is used. Also, 
EBSY would normally be set by the u ser be fore SBSY is set. (If 
EBSY is cleared, the PIP ignores the STB signal until CBSY is 
set in software.) 

EBSY— Enable BUSY (Receiver) 

This bit has a different definition depending on whether T/R is set to receiver or 
transmitter. 

When T/R = (PIP is a receiver), the definition is as follows: 

= Disable BUSY signal generation on PBO for the receiver. 

1 = Enable the BUSY output signal on PBO. EBSY will only take effect if bit of 

PBPAR is to configure this pin to belong to the PIP and bit of PBDIR is 1 to 
make this pin an output. 
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When T/R = 1 (PIP is a transmitter), tiie definition is as foliows: 
= Ignore the BUSY signal Input on PBO for the transmitter. 



1 = Assertion of STB is conditioned by BUSY Is negation. STB will not be asserted 
until the BUSY signal, input on PBO, Is negated. EBSY will only take effect if bit 
of PBPAR is to configure this pin to belong to the PIP and bit of PBDIR is to 
make this pin an input. 

NOTE 

The programming of MODL has no effect on the BUSY pin if 
EBSY is set. 

TMOD— Timing Mode (Centronics Receiver) 

These bits are only valid when T/R is set to receive and MODH is set to pulsed 
handshake mode. Otherwise they are ignored. 

00 = Centronics receiver timing mode (BUSY is negated befo re AC K is asserted). 

01 = Centro nics r eceiver timing mode 1 (BUSY is negated after ACK assertion but 

before ACK negation). 




10 = Centronics receiver timing mode 2 (BUSY is negated after ACK negation). 
11= Centronics receiver timing mode 3 (BUSY is negated by host software). 

MODL— Mode Low 
These bits determine the mode of the PIP's lower 8 pins (PB7-PB0). 

00 = Port B general-purpose I/O mode (under host control). 

01 = Transparent handshake mode (under RISC or host control). 
1x = Mode of operation is controlled by MODH. 

NOTE 

The BUSY pin (PBO) is not affected by MODL programming if 
EBSY is set. 

MODH— Mode High 

These bits determine the mode of the PIP's upper 10 pins (PB17-PB8). MODH may be 
changed when the RISC processor is not currently receiving or transmitting data. 

00 = Port B general-purpose I/O (under host control). 

01 = Transparent handshake mode (under RISC or host control). 

10 = Interlocked handshake mode (under RISC or host control). 

1 1 = Pulsed handshake mode (under RISC or host control). 

HSC— Host Control 

= The PIP data transfers are controlled by the RISC In the CPM, using the PIP 

parameter RAM, BDs, and SDMA channels. 

1 = The PIP data transfers are controlled by the host software (i.e., CPU32+ or other 

external processor in the system). 
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T/R— Transmit/Receive Select 
This bit selects transmitter or receiver operation for the PIP when it is using the 
interlocked, pulsed, or transparent handshake modes. 

= Data is input to the PIP. 

1 = Data is output from the PIP. 

7.13.7.3 PIP TIMING PARAMETERS REGISTER (PTPR). The PTPR is a 16-bit read- 
write register that is cleared at reset. The PTPR holds two timing parameters, TPAR1 and 
TPAR2, which are used in the pulsed handshake modes for both a PIP transmitter and a 
receiver. 
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TPAR1 — ^Timing Parameter 1 

This 8-bit value defines the number of system clocks for TPAR1 in the transmitter or 
receiver pulsed handshake mode. The value $00 corresponds to 1 QUICC general 
system clock, and the value $FF corresponds to 256 QUICC general system clocks. A 
general system clock defaults to 40 ns, assuming a 25-MHz QUICC system. 

TPAR2 — ^Timing Parameter 2 

This 8-bit value defines the number of system clocks for TPAR2 In the transmitter or 
receiver pulsed handshake mode. The value $00 corresponds to 1 QUICC general 
system clock, and the value $FF corresponds to 256 QUICC general system clocks. A 
general system clock defaults to 40 ns, assuming a 25-MHz QUICC system. 

7.13.7.4 PIP BUFFER DESCRIPTORS. BDs for the receiver and transmitter that support 
PIP operation were still in preparation at the time of writing. 

7.13.7.5 PIP EVENT REGISTER (PIPE). The PIPE is an 8-bit register used to report 
events recognized by the PIP and to generate interrupts. It shares the same address as 
the SMC2 event register; thus, SMC2 cannot be used simultaneously with the PIP. Upon 
recognition of an event, the PIP sets Its corresponding bit in the PIPE. Interrupts 
generated by this register may be masked in the PIP mask register. 

The PIPE is a memory-mapped register that may be read at any time. A bit is cleared by 
writing a one (writing a zero does not affect a bit's value). More than one bit may be 
cleared at a time. All unmasked bits must be cleared before the CP will clear the Internal 
interrupt request. This register Is cleared at reset. 
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CCR 


BSY 


CHR 


BD 



Bits 7-4 — Reserved 
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CCR — Control Character Received 

A control character was received (with reject (R) = 1) and stored in the receive control 
character register. 

BSY — Busy condition 
A data byte/word was not received/transmitted by the PIP due to lack of buffers. 

CHR — Character Received/Transmitted 
A data character was transmitted or received. This event may be used to generate 
Interrupts to the CPU32+ core if the PIP was programmed to be controlled by host 
software. 

BD— Rx/Tx Buffer 

A complete buffer has been received/transmitted on the PIP channel. The channel closes 

the receive buffer due to one of the following events: 

• Reception of a user-defined control character (and reject (R) = for that character in 
the Centronics control characters table). 

• Data length termination (the receive buffer was filled, or the transmit buffer has 
finished transmitting). 

• Reception of a programmable silence period. 

7.13.7.6 PIP MASK REGISTER (PIPM). The PIPM is an 8-bit read-write register. It shares 
the same address as the SMC2 mask register; thus, SMC2 cannot be used 
simultaneously with the PIP. Each bit in the PIPM corresponds a bit in the PIPE. If a bit in 
the PIPM is a one, the corresponding interrupt in the PIPE will be enabled. If the bit Is a 
zero, the corresponding interrupt in the PIPE will be masked. This register is cleared at 
reset. 

7.13.8 Port B Registers 

The PIP is associated with parallel I/O port B. The basic operation of the port is shown in 
Figure 7-94. The registers are described in the port B description; however, the registers 
as they relate to the PIP are mentioned in the following paragraphs. 

7.13.8.1 PORT B ASSIGNMENT REGISTERS (PBPAR). The PBPAR is an 18-bit, 
memory-mapped, read-write register. To use port B pins as PIP pins, the corresponding 
PBPAR bits MUST BE CLEARED, and the MODH and MODL bits in the PIP configuration 
register may be configured as desired. 

7.13.8.2 DATA DIRECTION REGISTER (PBDIR). The PBDIR Is an 18-bit, memory- 
mapped, read-write register. The description of PBDIR in 7.14.7 Port B Registers is also 
valid for the PIP. 
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Figure 7-94. Port B General-Purpose I/O 

7.13.8.3 DATA REGISTER (PBDAT). PBDAT functions as the PIP data register when the 
PIP is operational. This register Is used to receive/transmit PIP data when the PIP Is under 
host software control. The description of PBDAT In 7.14.7 Port B Registers is also valid 
for the PIP. 

7.13.8.4 OPEN-DRAIN REGISTER (PBODR). The description of PBODR in 7.14.7 Port B 
Registers is also valid for the PIP. 




7.1 4 PARALLEL I/O PORTS 

The CPM supports three general-purpose I/O ports: A, B, and C. 

7.14.1 Parallel I/O Key Features 

The parallel I/O ports contain the following key features: 

• Port A Is 16 Bits 

• Port Bis 18 Bits 

• Port CIS 12 Bits 

• All Ports Are Bidirectional 

• AH Ports Have Alternate On-Chip Peripheral Functions 

• All Ports Are Three-Stated at System Reset 

• All Pin Values May Be Read While Pin Is Connected to an On-Chip Peripheral 

• Port A and Port B Offer Open-Drain Capability 

• Port C Offers 12 Interrupt Input Pins 

7.14.2 Parallel I/O Overview 

Each pin In the I/O ports may be configured as a general-purpose I/O pin or as a 
dedicated peripheral interface pin. Port A Is shared with the SCC RXD and TXD pins, the 
bank of clocks pins, and some TDM pins. Port B is shared with the PIP and other 
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functions such as the IDMA, SMC, and SPI pins. Port C Is shared with the RTS, CTS, and 
CD pins of the SCCs as well as some TDM pins. Port C Is unique in that Its pins may 
generate interrupts to the CPM Interrupt controller. 

Each pin may be configured as an input or output and has a latch for data output. Each 
pin may be read or written at any time. Each pin may be configured as general-purpose 
I/O or as a dedicated peripheral pin. 

Port A and port B have pins that can be configured as open-drain — ^that is, the pin may be 
configured In a wIred-OR configuration on the board. The pin drives a zero voltage, but 
three-states when driving a high voltage. 

NOTES 

The port pins do not have internal pullup resistors. 

Due to the significant flexibility of the QUICC's CPM, many 
dedicated peripheral functions are multiplexed onto ports A, B, 
and C. The functions are grouped in such a way as to 
maximize the usefulness of the pins in the greatest number of 
QUICC applications. The reader may not obtain a full 
understanding of the pin assignment capability descnbed in 
this section until attaining an understanding of the CPM 
peripherals themselves. 

7.14.3 Port A Pin Functions 

Refer to Table 7-1 6 for the default description of all port A pin options. The pins marked in 
boldface can have open-drain capability. Each of the 16 port A pins is Independently 
configured as a general-purpose I/O pin if the corresponding port A pin assignment 
register (PAPAR) bit is cleared. Each pin is configured as a dedicated on-chip peripheral 
pin if the corresponding PAPAR bit Is set. 

When the port a pin is configured as a general-purpose I/O pin, the signal direction for that 
pin Is determined by the corresponding control bit in the port A data direction register 
(PADIR). The port A I/O pin is configured as an input if the corresponding PADIR bit is 
cleared; It Is configured as an output if the corresponding PADIR bit is set. All PAPAR bits 
and PADIR bits are cleared on total system reset, configuring all port A pins as general- 
purpose Input pins. 
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Table 7-16. Port A Pin Assignment 



signal 


Pin Function 


PAPARsO 


PAPAR = 


= 1 


Input to On-ChIp 
Peripherals 


PADIR s 


PADIR = 1 


PAO 


PORTAO 


RXD1 


— 


GND 


PA1 


PbRTAI 


TXD1 


— 


— 


PA2 


PORTA2 


RXD2 


— 


GND 


PA3 


PORT A3 


TXD2 


— 


— 


PA4 


P0RTA4 


RX03 


L1TXDB 


Undefined 


PAS 


PORT AS 


TXD3 


L1RXDB 


GND 


PA6 


P0RTA6 


RXD4 


L1TXDA 


Undefined 


PA7 


PORTA? 


TXD4 


L1RXDA 


L1RXDA = GND 


PAS 


PORTA8 


CLKI/riNI/LIRCLKA 


BRG01 


CLK1/riN1/L1 RCLKA = BRG01 


PA9 


P0RTA9 


CLK2 




CLK2 = GND 


TOUTI 


PA10 


PORTA10 


CLK3^IN2/L1TCLKA 


BRG02 


CLK3/TiN2/L1TCLKA = BRG02 


PA11 


PORT All 


CLK4 




CLK4 = CLK8 


T0UT2 


PA12 


P0RTA12 


CLK5n"IN3 


BRG03 


CLK5/TiN3 = BRG03 


PA13 


PORTA13 


CLK6/L1RCLKB 




CLK6/L1RCLKB = GND 


TOUTS 


PA14 


P0RTA14 


CLK7/riN4 


BRG04 


CLK7/TIN4 = BRG04 


PAIS 


PORTA1S 


CLK8/L1TCLKB 




CLK8/L1TCLKB = GND 


T0UT4 




if a port A pin is selected as a general-purpose I/O pin, it may be accessed tiirougii the 
port A data register (PADAT). Data written to the PADAT is stored in an output latch. If a 
port A pin is configured as an output, the output latch data is gated onto the port pin. In 
this case, when PADAT is read, the contents of the output latch associated with the output 
port pin are read, if a port A pin is configured as an input, data written to PADAT is still 
stored in the output latch but is prevented from reaching the port pin. in this case, when 
PADAT is read, the state of the port pin is read. 

If an input to a peripheral is not supplied from a pin, then a default value is supplied to the 
on-chip peripheral as listed in Table 7-16. 

7.14.4 Port A Registers 

Port A has four memory-mapped, read-write, 16-bit control registers. 

7.14.4.1 PORT A OPEN-DRAIN REGISTER (PAODR). The PAODR indicates a nomnal or 
wired-OR configuration of the port pins. Six of the PAODR bits can be open-drain to 
correspond to those pins that have serial channel output capability. The other bits are 
always zero. PAODR is cleared at system reset. 
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For each ODx bit, the definition is as follows: 

= The I/O pin is actively driven as an output. 

1 = The I/O pin is an open-drain driver. As an output, the pin Is actively driven low, 

but in three-stated otherwise. 

7.14.4.2 PORT A DATA REGISTER (PADAT). A read of PADAT returns the data at the 
pin. Independent of whether the pin is defined as an input or an output. This allows 
detection of output conflicts at the pin by comparing the written data with the data on the 
pin. A write to the PADIR Is latched, and If that bit In the PADIR Is configured as an output, 
the value latched for that bit will be driven onto Its respective pin. PADAT can be read or 
written at any time. PADAT is not Initialized and Is undefined at reset. 
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7.14.4.3 PORT A DATA DIRECTION REGISTER (PADIR). PADIR Is cleared at system 
reset. 
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For each DRx bit, the definition is as follows: 

= The corresponding pin is an input. 

1 = The corresponding pin is an output. 

7.14.4.4 PORT A PIN ASSIGNMENT REGISTER (PAPAR). PAPAR is cleared at system 
reset. 
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For each DDx bit, the definition is as follows: 

= General-purpose I/O. The peripheral functions of the pin are not used. 

1 = Dedicated peripheral function. The pin is used by the internal module. The 

on-chip peripheral function to which it is dedicated may be determined by other 
bits such as those is the PADIR. 
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7.14.5 Port A Examples 

The following paragraphs discuss various ways some of the port A pins can be configured. 
Figures 7-95 and 7-96 show block diagrams of the PAO and PA1 pins. 

PAO can be configured as a general-purpose I/O pin, but not an open-drain pin. It may 
also be the RXD1 pin for SCC1 in the NMSI mode. If PAO is configured as a general- 
purpose I/O pin, then the RXD1 input is internally grounded. If SCC1 is connected to a 
TDM or is not used, then PAO may be used as general-purpose I/O. 

PA1 can be configured as a general-purpose I/O pin, either open-drain or not. It may also 
be the TXD1 pin for SCC1 in the NMSI mode. If TXD1 is configured as an output on PA1 
and the 0D1 bit is set in PAODR, then TXD1 will be output from SCC1 as an open-drain 
output. If PA1 is configured as a general-purpose I/O pin, then the TXD1 output is not 
connected externally. If SCC1 is connected to a TDM or is not used, then PA1 may be 
used as a general-purpose I/O. 
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Figure 7-95. Parallel Block Diagram for PAO 
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Figure 7-96. Parallel Block Diagram for PA1 

PA4 can be configured as a general-purpose I/O pin, but not an open-drain pin. It may 
also be the RXD3 pin for SCC3 in the NMSI mode if the PADIR bit is a zero. It may also 
be the L1TXDB pin for TDMb if the PADIR bit is a one. If PA4 is configured as a general- 
purpose I/O pin, then the RXD3 input is not defined. If SCC3 is connected to a TDM or is 
not used, then PA4 may be used as general-purpose I/O. 

PAS can be configured as a general-purpose I/O pin, but not an open-drain pin. If the 
corresponding PADIR bit is a zero, it may also be the CLK1 pin (part of the bank of clocks 
in the SI), the TIN1 pin (input to timer 1), or the L1RCLKA pin (receive clock to TDMa) or 
all three at once. There is no selection between these three inputs in port A, because the 
connections are made separately in the SI and the timer mode registers. If the PADIR bit 
is a one, this pin may also be the BRG01 pin (output from BRG1). If the PA S pin is a 
general-purpose I/O pin, then the input to the on-chip peripheral (CLK1, TIN1, or 
L1 RCLKa) is internally grounded. See 7.8 Serial Interface with Time Slot Asslgner for 
more details on the use of the CLK1 and LI RCLKA pins. 

PA1 1 can be configured as a general-purpose I/O pin, but not an open-drain pin. If the 
PADIR bit is a zero, PA1 1 may also be th e CLK4 pin (part of the bank of clocks). If the 
PADIR bit is a one, PA1 1 may also be the T0UT2 pin (output from timer 2). If the PA1 1 
pin is a general-purpose I/O pin, then the input to the on-chip CLK4 function is the value 
supplied on the CLKS pin. This interesting option is useful because not all CLK pins can 
be routed to all serial channels in all situations. The ability to send a clock from CLKS to 
CLK4 can increase the flexibility of this assignment process. See 7.8 Serial Interface 
with Time Slot Assigner for more details. 
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7.14.6 Port B Pin Functions 

Refer to Table 7-17 for the description of all port B pin options. All port B pins except PB17 
and PB16 may be open-drain. Port B pins are independently configured as a general- 
purpose I/O pins If the corresponding bit in the port B pin assignment register (PBPAR) is 
cleared. They are configured as dedicated on-chip penpheral pins if the corresponding 
PBPAR bit is set. 

When acting as a general-purpose I/O pin, the signal direction for that pin is determined 
by the corresponding control bit in the port B data direction register (PBDIR). The port I/O 
pin is configured as an input if the corresponding PBDIR bit is cleared; it is configured as 
an output if the corresponding PBDIR bit Is set. All PBPAR bits and PBDIR bits are 
cleared on total system reset, configuring all port B pins as general-purpose input pins. 

If a port B pin is selected as a general-purpose I/O pin, it may be accessed through the 
port B data register (PBDAT). Data written to the PBDAT is stored in an output latch. If a 
port B pin is configured as an output, the output latch data is gated onto the port pin. In 
this case, when PBDAT is read, the contents of the output latch associated with the output 
port pin are read. If a port B pin is configured as an input, data written to PBDAT is still 
stored in the output latch but is prevented from reaching the port pin. In this case, when 
PBDAT is read, the state of the port pin is read. 

All of the port B pins have more than one option. These options include on-chip peripheral 
functions relating to the IDMA, Ethernet CAM interface, SPI, SMC1, SMC2, TDMa. and 
TDMb. 

Port B is also multiplexed with the PIP. The PIP is a CPIVI parallel port that can implement 
fast parallel interfaces, such as Centronics. For a functional description of the dedicated 
pin functions of the PIP, refer to 7.13 Parallel Interface Port (PIP). 

NOTES 

If the user does not use the PIP, the description in this section 
Is sufficient to describe the features of port B, and the PIP 
description does not need to be studied. 

The PIP STRBI and STRBO pins are not listed in Table 7-17. 
See 7.13 Parallel Interface Port (PIP) for instructions on how 
to enable them. 

PB3-PB5 and PB1 6 have an unusual property in that their on-chip peripheral functions 
(BRG04, BRG03, BRG02, and BRG01) are repeated in port A. This gives an alternate 
way to output the BRGO pins if other functions are used on port A. PB12- PB15 have an 
unusual property in that their on-chip peripheral functions (such as RTSx or L1ST1) are 
repeated in port C. This gives an alternate location to output these pins if other functions 
on port C are used. 
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Table 7-17. Port B Pin Assignment 




signal 


Pin Function 


PBPARsO 


PBPAR = 1 


Input to On-ChIp 
Peripherals 


PBOIR = 


PBOIR = 1 


PBO 


PORT BO 






VDD 


RRJCT1 


SPISEL 


PB1 


PORT B1 


Reserved (Test 2S) 


SPICLK 


SPICLK = GND 


PB2 


PORT B2 


Reserved (Test 2S) 


SPIMOSI 


VDD 


PB3 


PORTB3 


BRG04 


SPIMISO 


SPIMISO = SPIMOSI 


PB4 


PORT B4 


BRG01 






DREQ1 


DREOl = GND 


PBS 


P0RTB5 


BRG02 




— 


DACK1 


PB6 


PORT B6 


SMTXD1 






DONE1 


D0NE1 = VDD 


PB7 


PORT B7 


SMRXD1 




VDD 


D0NE2 


PBS 


PORT B8 






GND 


SYMSYN1 


DREQ2 


PB9 


PORT B9 








SYMSYN2 


DACK2 


SYMSYN2 = GND 


PB10 


PORT BIO 


SMTXD2 


L1CLK0B 


— 


PB11 


P0RTB11 


SMRXD2 


L1CLK0A 


SMRXD2 = GND 


PB12 


PORT B12 


L1ST1 




— 


RTS1 


PB13 


PORT B13 


L1ST2 




— 


RTS2 


PB14 


PORT B14 


LISTS 




— 


RTS3/L1RQB 


PB15 


P0RTB15 


L1ST4 




— 


RTS4yL1RQA 


PB16 


PORTB16 


— 


BRGOS 


— 


PB17 


PORT B17 


— 




— 


RSTRT1 



NOTE 

The user may freely configure any of the previous functions to 
be output onto two pins at once, although there is typically no 
advantage in doing this (except in the case of a large fanout, 
where it is advantageous to share the load between two pins). 

7.14.7 Port B Registers 

Port B has four memory-mapped, read-write, 16-bit control registers. 

7.14.7.1 PORT B OPEN-DRAIN REGISTER (PBODR). The PBODR is a 16-bit register 
that indicates a normal or wired-OR configuration of the port pins. (Bits 17 and 16 of 
PBODR do not exist.) PBODR is cleared at system reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





GDIS 


0D14 


0D13 


0D12 


0D11 


OD10 


0D9 


0D8 


0D7 


0D6 


0D5 


0D4 


0D3 


0D2 


GDI 


ODO 
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For each ODx bit, the definition is as follows: 

~ The I/O pin is actively driven as an output. 

1 = The I/O pin is an open-drain driver. As an output, the pin is actively driven low, 

but is three-stated otherwise. 

7.14.7.2 PORT B DATA REGISTER (PBDAT). A read of PBDAT returns the data at the 
pin, independent of whether the pin is defined as an input or an output. This allows 
detection of output conflicts at the pin by comparing the written data with the data on the 
pin. A write tp the PBDAT is latched, and if that bit in the PBDIR is configured as an 
output, the value latched for that bit will be driven onto its respective pin. PBDAT can be 
read or written at any time. PBDAT is not initialized and is undefined at reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





D1S 


D14 


D13 


012 


D11 


010 


09 


08 


07 


06 


05 


04 


03 


02 


01 


DO 






























17 


16 




017 


016 



7.14.7.3 PORT B DATA DIRECTION REGISTER (PBDIR). PBDIR is cleared at system 
reset. 




15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





ORIS 


DR14 


DR13 


DR12 


DR11 


DR10 


DR9 


0R8 


DR7 


0R6 


DR5 


0R4 


DR3 


DR2 


DR1 


DRO 






























17 


16 




DR17 


DR16 



For each DRx bit, the definition is as follows: 

= The corresponding pin is an input. 

1 = The corresponding pin is an output. 

7.14.7.4 PORT B PIN ASSIGNMENT REGISTER (PBPAR). PBPAR is cleared at system 
reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





0015 


0014 


0013 


0012 


0011 


0010 


009 


0D8 


007 


006 


005 


004 


003 


D02 


001 


000 






























17 


16 




0017 


0016 



For each DDx bit, the definition is as follows: 

= General-purpose I/O. The peripheral functions of the pin are not used. 

1 = Dedicated peripheral function. The pin is used by the intemal module. The 

on-chip peripheral function to which it is dedicated may be determined by other 
bits such as these in the PBDIR. 
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7.14.8 Port B Example 

PBO can be configured as a general-purpose I/O pin or as an open-drai n pin. It may also 
be the receiver reject pin for the SCC1 Ethernet CAM interface (RRJ CTI)ort he SRI select 
input (S PISEL). If the PBO pin is not configured to connect to the RRJCT signal or the 
SPISEL signal, then the SCC and/or SPI receives Vdd on that signal. 

NOTE 

In the description of the PIP, the PBO pin, as well as other port 
B pins, can also be used as PIP functions. However, the PIP 
does not affect the operation of port B unless it is enabled. 
Therefore, the PIP description does not need to be studied by 
users of port B unless the PIP will be used in the application. 

7.14.9 Port C Pin Functions 

Port C consists of 12 general-purpose I/O pins with interrupt capability on each pin. Refer 
to Table 7-18 for the description of all port C pin options. 

Table 7-18. Port C Pin Assignment 



Signal 


PCPARsO 


PCPAR = 1 


Input to On-ChIp 
Peripherals 


PCDIR s 1 or 
PCSO = 


PCDIR = and 
peso s 1 


PCDIR = 


PCDIR = 1 


POO 


Port CO 


EXTO 


RTS1 


L1ST1 


EXTO = VDD 


PCI 


Port 01 


£XT1 


RTS2 


L1ST2 


EXT1 = VDD 


PC2 


PortC2 


— 


RTSa/LIRQB 


LISTS 


— 


PG3 


PortC3 


— 




L1ST4 


— 


RTS4/L1RQA 


PC4 


PortC4 




— 


GND 


CTS1 


PCS 


PortCS 


CD1 




GND 


TGATE1 


PC6 


Port 06 


CTS2 


— 


GND 


PC7 


PortC7 


CD2 




GND 


TGATE2 


PC8 


Port 08 




L1TSYNCB 






CtSs and/or 
L1TSYNCB= GND 


CTS3 


SDACK2 


PC9 


PortC9 


CD3 


L1RSYNCB 


GND 


PCIO 


Port 010 


CTS4 


L1TSYNCA 






CTS4 and/or 
L1TSYNCA= GND 


SDACK1 


PC11 


Port Oil 


Cb4 


L1RSYNCA 


GND 



All PCDIR bits and PCPAR bits are cleared on total system reset, configuring all port pins 
as general-purpose input pins. Note that the global CIMR is also cleared on total system 
reset so that, if any PCIO pin is left floating, it will not cause a false interrupt. 

If a port C pin is selected as a general-purpose I/O pin, it may be accessed through the 
port C data register (PCDAT). Data written to the PCDAT is stored in an output latch. If a 
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port C pin is configured as an output, the output latch data is gated onto the port pin. In 
this case, when PCDAT is read, the contents of the output latch associated with the output 
port pin are read. If a port C pin is configured as an input, data written to PCDAT is still 
stored in the output latch but is prevented from reaching the port pin. In this case, when 
PCDAT is read, the state of the port pin is read. 

To configure a port C pin an a general-purpose output pin, use the following steps. Note 
that when the pin is configured as an output, port C interrupts are not possible. 

1 . Write the corresponding PCPAR bit with a zero. 

2. Write the corresponding PCDIR bit with a one. 

3. Write the corresponding PCSO bit with a zero (for the sal<e of clarity). 

4. The corresponding PCINT bit is a don't care. 

5. Write the pin value using the PCDAT. 

To configure a port C pin as a general-purpose input pin that does not generate an 
interrupt, use the following steps: 

1 . Write the corresponding PCPAR bit with a zero. 

2. Write the corresponding PCDIR bit with a zero. 

3. Write the corresponding PCSO bit with a zero. 

4. The corresponding PCINT bit is a don't care. 

5. Write the corresponding CIMR bit with a zero to prevent interrupts from being 
generated to the CPU32+ core. 

6. Read the pin value using the PCDAT. 

When a port C pin is configured as a general-purpose I/O Input, a change according to the 
port C interrupt register (PCINT) will cause an interrupt request signal to be sent to the 
CPM interrupt controller. Each port C line can be programmed to assert an interrupt 
request upon a high-to-iow change or any change. Each port C line asserts a unique 
interrupt request to the CPiV! interrupt pending register and has a different internal 
interrupt priority level within the CPiVI interrupt controller. See 7.15 CPM Interrupt 
Controller (CPIC) for more details. Each request can be masked independently in the 
CPM interrupt mask register. 

To configure a port C pin an a general-purpose input pin that generates an interrupt, use 
the following steps: 

1 . Write the corresponding PCPAR bit with a zero. 

2. Write the corresponding PCDIR bit with a zero. 

3. Write the corresponding PCSO bit with a zero. 

4. Set the PCINT bit to determine which edges cause interrupts. 

5. Write the corresponding CliVIR bit with a one to allow interrupts to be generated to 
the CPU32+ core. 

6. Read the pin value using the PCDAT. 
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NOTE 

These steps correspond to the "software operation" mode of 
the SCM DIAG bits on the MC68302. 



The port lines associated with the CDx and CTSx pins have a mode of operation where 
the pin may be internally con necte d to the SCO but may also generate interrupts. Port C 
still detects changes on the CTS and CD pi ns an d asserts the corresponding interrupt 
request, but the SCO simultaneously uses the CTS and/or CD pin to automatically control 
operation. This allows the user to fully implement protocols V.24, X.21 , and X.21 bis (with 
the assistance of other general-purpose I/O lines). 




To configure a port C pin as a CTS or CD pin that is connected to the SCC and also 
generates interrupts, use the following steps: 

1 . Write the corresponding PCPAR bit with a zero. 

2. Write the corresponding PCDIR bit with a zero. 

3. Write the corresponding PCSO bit with a one. 

4. Set the POINT bit to determine which edges cause interrupts. 

5. Write the corresponding CIMR bit with a one to allow interrupts to be generated to 
the CPU32+ core. 

6. The pin value may be read at any time using PCDAT. 

NOTE 

After connecting the CTS or CD pins to the SCC, the user must 
also choose the "normal operation" mode in DIAG bits of the 
general SCC mode register (GSI\/IR) to enable and disable 
SCC transmission and reception with these pins. 

The EXTO and EXT1 lines in port C can assert an external request to the RISC controller 
instead of asserting an interrupt to the CPU32+ core. Each line can be programmed to 
assert an interrupt request upon a high-to-low change or any change as configured in 
PCINT. 

NOTE 



Do not program the EXTO and EXT1 pins to assert external 
requests to the RISC controller unless instructed to do so by 
Motorola (e.g., as part of a Motorola-supplied RAM microcode 
pacl<age). Othenvise, errant and erratic operation will occur. 

7.14.10 Port C Registers 

The user interfaces with port C via five registers. The port C interrupt control register 
(POINT) indicates how changes on the pin cause interrupts when interrupts are generated 
with that pin. The port special options register (PCSO) indicates whether certain port C 
pins have the ability to be connected to on-chip peripherals while simultaneously being 
able to generate an interrupt. The other three port C registers also exist on the other ports: 
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PCDAT, PCDIR, and PCPAR. Since port C does not have open-drain capability, It does 
not contain an open-drain register. 

7.14.10.1 PORT C DATA REGISTER (PCDAT). When read, PCDAT always reflects the 
current status of each line. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 

















D11 


010 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 



7.14.10.2 PORT C DATA DIRECTION REGISTER (PCDIR). PCDIR is a 16-bit register 
that is cleared at system reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 

















Mil 


DR10 


0R9 


0R8 


0R7 


0R6 


0R5 


OFM 


0R3 


DR2 


0R1 


ORO 



7.14.10.3 PORT C PIN ASSIGNMENT REGISTER (PCPAR). PCPAR is a 16-bit register 
that is cleared at system reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 

















0011 


OO10 


009 


008 


007 


006 


005 


004 


003 


D02 


001 


000 




7.14.10.4 PORT C SPECIAL OPTIONS (PCSO). PCSO is a 16-bit read-write register. 
Each defined bit in the PCSO corresponds to a port C line (PC11-PC4 and PC1-PC0). 
The PCSO is cleared at reset. 



14 



- 


C04 


CTS4 


COS 


CTS3 


C02 


CTS2 


CD1 


CTS1 


- 


EXT1 


EXTO 



Bits 1 5-1 2, 3-2— Resen/ed 
These bits should be written with zeros. 

CDx— Carrier Detect 

= PCx is a general-purpose interrupt I/O pin. (The SCO's internal CDx signal is 

always asserted.) If PCDIR configures this pin as an input, this pin can generate 
an interrupt to the CPU32+ core, as controlled by the POINT bits. 

1 = PCx is connected to the corresponding SCO signal input in addition to being a 

general-purpose interrupt pin. 

CTSx— Clear-To-Send 

= PCx is a general-purpose interrupt I/O pin. (The SCO's intemal CTSx signal is 

always asserted.) If PCDIR configures this pin as an input, this pin can generate 
an interrupt to the CPU32+ core, as controlled by the POINT bits. 

1 = PCx is connected to the corresponding SCO signal input in addition to being a 

general-purpose interrupt pin. 
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EXTx— External Request to the RISC 

= PCx Is a general-purpose interrupt I/O pin, with the direction controlled in PCDIR. 

If PCDIR configures this pin as an input, this pin can generate an interrupt to the 
CPU32+ core, as controlled by the PCINT bits. 

1 = PCx becomes an external request to the RISC controller instead of being a 

general-purpose interrupt pin. The corresponding PCINT bits control when a 
request is generated. 

NOTE 

EXTx should only be set, if the user is instructed to do so, 
during the initialization of a Motorola-supplied RAM microcode. 

7.14.10.5 PORT INTERRUPT CONTROL REGISTER (PCINT). PCINT is a 16-bit read- 
write register. Each defined bit in the PCINT corresponds to a port C line to determine 
whether the corresponding port C line will assert an interrupt request upon a high-to-low 
change or any change on the pin. The PCINT is cleared at reset. 




15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





- 


EDM11 


EDM10 


EDM9 


EDM8 


EDM7 


EDM6 


EDM5 


EDM4 


EDM3 


EDM2 


EDM1 


EDMO 



Bits 15-12— Reserved. 
These bits should be written with zeros. 

EDMx— Edge Detect Mode for Line x 
The corresponding port C line (PCx) will assert an interrupt request according to the 
following: 

- Any change on PCx generates an interrupt request. 

1 = High-to low change on PCx generates an interrupt request. 

7.15 CPM INTERRUPT CONTROLLER (CPIC) 

The CPIC is the focal point for all interrupts associated with the CPM. The CPIC accepts 
and prioritizes all the Intemal and external interrupt requests from all functional blocks 
associated with the CPM. It is also responsible for generating a vector during the CPU 
interrupt acknowledge cycle. 

The CPIC contains has the following key features: 

• Twenty-Eight Interrupt Sources (16 Internal and 12 Extemal) 

• Sources May Be Assigned to a Programmable Interrupt Level (1-7) 

• Programmable Priority Between SCCs 

• Two Priority Schemes for the SCCs 

• Programmable Highest Priority Request 

• Fully Nested Interrupt Environment 

• Unique Vector Number for Each Interrupt Source 
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7.15.1 Overview 

An overview of the QUICC Interrupt structure Is shown In Figure 7-97. The upper half of 
the figure shows the CPIC. The CPIC receives Interrupts from Internal sources such as 
the four SCCs, the two SMCs, the SPI, the two IDMA controllers, the PIP, the general- 
purpose timers, and the port C parallel I/O pins. The CPIC allows masking of each 
Interrupt source. When multiple events within a CPM sub-block can cause the Interrupt, 
each event Is also maskable in that CPM sub-block. 

All CPM sub-block Interrupt sources are prioritized, and bits are set in the CPM Interrupt 
pending register (CIPR). All 28 Interrupt sources within the CIPR are assigned one 
programmable priority level (1-7) before the request for an Interrupt is sent to the 1MB. 
(On the MC68302, all Interrupt sources are fixed at priority level 4; however, on the 
QUICC, the Interrupt level Is programmable to be 1-7.) 

Within the CPM Interrupt level, the 28 sources are assigned a priority structure. On the 
MC68302, the interrupts have a fixed priority structure; however, on the QUICC, some 
flexibility Is given to the user concerning the relative priority of the 28 Interrupt sources. 
This flexibility is in two areas: 1) the ability to modify the relative priority of the SCCs and 
2) the ability to choose any Interrupt source to be the highest of the 28 sources. 

Once an unmasked Interrupt source is pending in the CIPR, the CPIC sends an Interrupt 
request to the 1MB. This request Is at level 1,2,3, 4, 5, 6, or 7. The CPIC then waits for an 
interrupt acknowledge cycle to occur on the bus. 

Once an Interrupt cycle occurs at the interrupt level that matches the CPIC Interrupt 
request, an interrupt arbitration begins on the 1MB. The Interrupt arbitration process Is 
designed to choose between multiple requests at the same level. For instance, if the CPM 
request is at level 4, but an external peripheral is simultaneously requesting service on the 
IRQ4 pin, an Interrupt arbitration process is required to decide who wins the interrupt. (The 
interrupt arbitration process does not affect users who can assign ail interrupt sources in 
the system to a unique Interrupt level 1-7.) 

In the Interrupt arbitration process, the module places Its arbitration ID on the 1MB. The 
arbitration ID ranges In value from 0-15. The CPIC arbitration ID is always fixed at 8. The 
higher arbitration value always wins. 

NOTE 

The other source of interrupts on the QUICC is the SIM60, 
which has a programmable arbitration ID (initially 15). Thus, if 
a SIM sub-block Is programmed to the same interrupt level, 
then a higher SIM60 arbitration ID selects whether the SIM6d 
has a higher interrupt priority than the CPM. 

Assuming that the CPM wins the arbitration process, the CPM places its 8-bit vector on 
the bus, corresponding to the sub-block with the highest current priority. The vector is 
composed of two parts. The three MSBs of the interrupt vector come from a 3-bit field In 
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the CPM interrupt configuration register (CICR). The five LSBs are fixedln the CPIC, and 
are unique for each CPIC Interrupt source. 




INTERRUPT 
SOURCES 



COMMUNICATION PROCESSOR MODULE (CPM) 



12> 



PORTC11-PORTC0 —^ 

TIMER1 > 

TIMER2 3*- 

TIMER3 ^ 

TIMER4 >• 

SCC1 »- 

SCC2 »- 

SCC3 »- 

SCC4 »• 

SMC1 »- 

SMC2 ^ 

SPI *- 

PIP >" 

I0MA1 3^ 

IDMA2 3»- 

SDMA BUS ERROR *- 

RISC TIMER TABLE 3*- 



INTERMODULEBUS(IMB) 



n li 



AVEC 
SIGNAL 



QUICC SLAVE 

MODE 

INTERRUPT 

LOGIC 



'3 



CPM 

VECTOR 

GENERATION 

LOGIC 



INTERRUPT 

ARBITRATION 

ID IS FIXED AT 

LEVELS. 



REQUEST 
TO THE 1MB AT 
PROGRAMMABLE 
LEVEL (1-7) 



/'« 



B-BIT INTERRUPT 
VECTOR 



A 



SWT 

VECTOR 

GENERATION 



PIT 

VECTOR 

GENERATION 



AUTOVECTOR 
GENERATION 



EXTERNAL TO QUICC 



INTERRUPT 
ARBITRATION ID IS 

INITIALLY 15 
(PROGRAMMABLE) 



8-BIT INTERRUPT 
VECTOR (LOWER 
5 BITS FIXED, 
UPPER 3 BITS 
PROGRAMMABLE). 



REQUEST 
TO THE 1MB 
LEVEL (1-7) 



SIM60 
INTERRUPT 
CONTRa 



PERIODIC 

INTERRUPT TIMER 

(PIT) 



SOFTWARE 
WATCHDOG 
TIMER (SWT) 



SYSTEM INTEGRATION MODULE (SIM60) 



AVECO ioul^-i5DTo f?S0DT 



AVEC 



IRQ7-IRQ1 



Figure 7-97. QUICC Interrupt Structure 
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7.15.2 CPM Interrupt Source Priorities 

The CPIC has 28 interrupt sources that assert just one programmable interrupt request 
level to the CPU32+ core. The priority between all interrupt sources is shown in Table 
7-19. There is some flexibility in the relative ordering of the interrupts in the table, but, in 
general, the relative priorities are fixed in the descending order shown in the table. An 
interrupt from the parallel I/O line PCO has the highest priority, and an interrupt from the 
parallel I/O line PC11 has the lowest priority. A single interrupt priority number is 
associated with each table entry. 

Note the lack of SOMA interrupt sources. The SOMA-related Interrupts are reported 
through each individual SCC, SMC, or SPI channel. The only true SOMA interrupt source 
is the SDI\/!A channel's bus error entry that is reported when a bus error occurs during an 
SDMA access. 

There are two methods to add flexibility to the table of CPM interrupt priorities: the SCO's 
relative priority option and the highest priority option. 

7.15.2.1 SCC RELATIVE PRIORITY. The relative priority between the four SCOs is 
programmable and can be dynamically changed. In Table 7-19 there is no entry for SCC1, 
SCC2, SCC3, or SCC4, but rather there are entries for SCOa, SCCb, SCCc, and SOCd 
because each of the SCCs can be mapped to any of these locations. This is programmed 
in the CICR and may be dynamically changed. The user can utilize this on-the-fly 
capability to implement a rotating priority. 

In addition, the grouping of the locations of the SCCa, SCCb, SCCc, and SOCd entries 
has two options: group and spread. In the group scheme, the SCCs are all grouped 
together at the top of the priority table, ahead of most of the other CPM interrupt sources. 
This scheme is ideal for applications where all SCCs function at a very high data rate and 
interrupt latency is very important. In the spread scheme, the SCC priorities are spread 
over the table so that other sources can have lower interrupt latencies than the SCCs. 
This scheme is also programmed in the CICR, but it may not be dynamically modified. 

7.15.2.2 HIGHEST PRIORITY INTERRUPT. In addition to the SCC relative priority option, 
the user may choose one interrupt source to be of highest priority. This highest priority 
interrupt is still within the same interrupt level as the rest of the CPIC interrupts, but is 
simply serviced prior to any other interrupt in the table. If the highest priority feature is not 
used, select PCO to be the highest priority interrupt, and no modifications to the standard 
interrupt priority order will occur. 

This highest priority source is dynamically programmable in the CICR. This allows the 
user to change a nonnally low priority source into a high priority source for a specified 
period of time. 
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Table 7-19. Prioritization of CPI\/I Interrupt Sources 


Number 


Priority 
Uvel 


Interrupt Source Description 


Multiple 
Events 


1F 


Highest 


Parallei i/O-PCO 


No 


IE 




SCCa (Grouped and Spread) 


Yes 


1D 




SCCb (Grouped) 


Yes 


1C 




SCCc (Grouped) 


Yes 


IB 




SCCd (Grouped) 


Yes 


1A 




Parallel I/0-PC1 


No 


19 




Timer 1 


Yes 


18 




Parallel i/0-PC2 


No 


17 




Parallel I/0-PC3 


No 


16 




SDMA Channel Bus Error 


Yes 


15 




IDI^AI 


Yes 


14 




IDiy/IA2 


Yes 


13 




SCCb (Spread) 


Yes 


12 




TIMER 2 


Yes 


11 




RISC Timer Table 


Yes 


10 




Reserved 


Yes 


F 




Parallel I/0-PC4 


No 


E 




Parallei I/0-PC5 


No 


D 




SCCc (Spread) 


Yes 


C 




Timer 3 


Yes 


B 




Parallei i/0-PC6 


No 


A 




Parallel I/0-PC7 


No 


9 




Parallei i/0-PC8 


No 


8 




SCCd (Spread) 


Yes 


7 




Timer 4 


Yes 


6 




Parallel I/0-PC9 


No 


5 




SPI 


Yes 


4 




SiVICI 


Yes 


3 




SMC2/PiP 


Yes 


2 




Parallel I/O-PC10 


No 


1 




Parallel i/O-PCII 


No 





Lowest 


Reserved 


— ■ 



7-366 



MC68360 USER'S MANUAL 



MOTOROLA 



CPIC 

7.15.2.3 NESTED INTERRUPTS. The CPIC supports a fully nested Interrupt environment 
that allows a higher priority interrupt (from another CPI\^ source) to suspend a lower 
priority interrupt's service routine. This nesting is achieved by the CPM interrupt in-service 
register (CISR). 

The CPIC prioritizes all interrupt sources based upon their assigned priority level. The 
highest priority interrupt request is presented to the CPU32+ core for servicing. After the 
vector number corresponding to this interrupt is passed to the CPU32+ core during an 
interrupt acknowledge cycle, that interrupt request is cleared. If there are remaining 
interrupt requests, they are then prioritized, and another interrupt request may be 
presented to the CPU32+ core. 

The 3-bit mask In the CPU32+ status register ensures that a subsequent interrupt request 
at a higher Interrupt priority level will suspend handling of a lower priority interrupt. The 
mask indicates the current processor priority, and interrupts are Inhibited for all priority 
levels less than or equal to the current processor priority. 

The CISR and the mask register in the CPU32+ core can be used together to allow a 
higher priority interrupt within the same interrupt level to be presented to the CPU32+ core 
before the servicing of a lower priority interrupt is completed. Each bit in the CISR 
corresponds to a CPM interrupt source. During an interrupt acknowledge cycle for a CPI\4 
Interrupt, the in-service bit in the CISR is set by the CPIC for that interrupt source. The 
setting of the bit prevents any subsequent CPM interrupt requests at this priority level or 
lower (within the CPIC interrupt table), until the servicing of the current interrupt has 
completed and the in-service bit is cleared by the user. (Pending Interrupts for these 
sources are still set in the CPIC during this time). 

Thus, in the interrupt service routine for the CPM Interrupts, the user can lower the core's 
mask to the next lower level (the level being serviced minus 1) to allow higher priority 
interrupts within this level to generate an interrupt request. This capability provides nesting 
of interrupt requests for CPM interrupt level sources in a similar manner as the CPU32+ 
core's interrupt mask provides nesting of Interrupt requests for the seven interrupt priority 
levels. 

7.15.3 Masking Interrupt Sources in tlie CPIVI 

By programming the CPM interrupt mask register (CIMR), the user may mask the CPM 
interrupts to prevent an interrupt request to the CPU32+ core. Each bit in the CIMR 
corresponds to one of the CPM interrupt sources. To enable an Interrupt, write a one to 
the corresponding CIMR bit. 

When a masked CPM Interrupt source has a pending Interrupt request, the corresponding 
bit In the CIPR is still set, even though the interrupt is not generated to the CPU32+ core. 
By masking all interrupt sources in the CIMR, the user may Implement a polling interrupt 
servicing scheme for the CPM Interrupts. 

When a CPM interrupt source has multiple interrupting events, the user can individually 
mask these events by programming a mask register within that block. Table 7-19 Indicates 
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the interrupt sources that have multiple interrupting events. Figure 7-98 shows an example 
of how the masking occurs, using an SCC as an example. 



SCCE 



EVENT 
BIT 



CIPR 



SCCM 




MASK 
BIT 




13 INPUT 

OR 

(13 EVENT BITS) 




CIMR 



MASK 
BIT 



28 INPUT 

OR 

(28 CIPR BITS) 



REQUEST 
TO THE 1MB 
AT THE 
LEVEL 
SPECIFIED 
IN IRL2-IRL0 
INTHECICR. 



Figure 7-98. Interrupt Request Masking 

7.15.4 Interrupt Vector Generation and Calculation 

Pending unmasked CPM Interrupts are presented to the CPU32+ core in order of priority. 
The CPU32+ core responds to an interrupt request by Initiating an interrupt acknowledge 
cycle to receive a vector number, which allows the core to locate the interrupt's service 
routine. For CPM interrupts, the CPIC passes an interrupt vector corresponding to the 
highest priority, unmasked, pending interrupt. The CPM always generates a vector during 
an interrupt acknowledge cycle at its interrupt level, regardless of whether the QUICC is in 
normal mode or slave mode. 

The three MSBs of the Interrupt vector number are programmed by the user in the CIMR. 
These three bits are concatenated with five bits generated by the CPIC to provide an 8-bit 
vector number to the CPU32+ core. The CPIC's encoding of the five low-order bits of the 
interrupt vector is listed in Table 7-20. 
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Table 7-20. Encoding the Interrupt Vector 



Interrupt 
Number 


Interrupt Source 
Description 


Lower 5 Bits 
of Vector 


1F 


Parallel l/O-PCO 


11111 


1E 


SCC1 


11110 


1D 


SCC2 


11101 


1C 


SCC3 


11100 


1B 


SCC4 


11011 


1A 


Parallel I/O— PCI 


11010 


19 


Timer 1 


11001 


18 


Parallel I/O— PC2 


11000 


17 


Parallel I/O— PC3 


10111 


16 


SOMA Channel Bus Error 


10110 


15 


IDMA1 


10101 


14 


IDMA2 


10100 


13 


Reserved 


10011 


12 


Timer 2 


10010 


11 


RISC Timer Table 


10001 


10 


Reserved 


10000 


•F 


Parallel I/O— PC4 


01111 


E 


Parallel I/O— PCS 


01110 


D 


Resen/ed 


01101 


C 


Timer 3 


01100 


B 


Parallel I/O— PC6 


01011 


A 


Parallel I/O— PC7 


01010 


9 


Parallel I/O— PC8 


01001 


8 


Reserved 


01000 


7 


Timer 4 


00111 


6 


Parallel I/O— PC9 


00110 


5 


SPI 


00101 


4 


SMC1 


00100 


3 


SMC2/PIP 


00011 


2 


Parallel I/O— PCI 


00010 


1 


Parallel I/O— PC1 1 


00001 





Error 


00000 



Note that the interrupt vector table is the same as the CPI\4 Interrupt priority table except 
for two differences. First, the lower five bits of the SCC vectors are fixed; they are not 
affected by the SCC group or spread mode or the relative priority order of the SCCs. 
Second, an error vector exists as the last entry in this table. The error vector is issued by 
the CPM if an interrupt was requested by the CPI\/I but was masked by the user prior to 
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being serviced by CPU32+ core and if no other pending interrupts for the CPIVI are 
present. The user should provide an error interrupt service routine, even if it is simply an 
RTE instruction. 

The following list gives an exannple of how to find the beginning of the interrupt handler 
from the interrupt vector. SCC1 is used as an example. 

1 . Formulate the 8-bit vector. The three MSBs come from VBA2-VBA0 in the CICR. 
Assume these are programmed to 101b. The five LSBs have a fixed value of 1 1 1 10b 
(see Table 7-20). Thus, the 8-bit vector is 101 1 1 1 10b. This is the value presented on 
the bus during an interrupt acknowledge cycle. 

2. Multiply by 4 to get the offset address of the vector in the vector table. Thus, the 
offset address is 1 01 1 1 1 1 000b = $2F8. 

3. Determine the full vector address. In a CPU32+ system, the offset is added to the 
vector base register in the CPU32+. Assuming that the vector base register = 
$80000000, the final vector address is $800002F8. 

4. Determine the location of the interrupt handler. At location $800002F8, the address 
of the interrupt handler is stored. If the long word at location $800002F8 contains 
$80001000, then the first instruction of the SCC1 interrupt handler will be found at 
$80001000. 

7.15.5 CPIC Programming Model 

The user interfaces with the CPIC via four registers. The CICR defines the overall CPM 
interrupt attributes. The CIPR indicates which CPM interrupt sources require interrupt 
service. The CIMR allows the user to prevent any CPM interrupt source from generating 
an interrupt request. The CISR allows a fully nested environment capability for interrupt 
requests within the CPM Interrupt level. 

7.15.5.1 CPM INTERRUPT CONFIGURATION REGISTER (CICR). The 24-blt read-write 
CICR defines the request level for the CPM interrupts, the priority between the SCCs, the 
highest priority interrupt, and the vector base address. The CICR, which can be 
dynamically changed by the user, is cleared at reset. 



23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


SCdP 


SCcP 


SCbP 


SCaP 


IRL2 


IRL1 


IRLO 


HP4 


11 10 


9 8 


7 6 


5 4 


3 


2 


1 





IHP3 


HP2 


HP1 


HPO 


VBA2 


VBA1 


VBAO 


- 


SPS 



SCdP—SCCd Priority Order 

These two bits define which SCC will assert its request in the SCCd priority position. 
The user should not program the same SCC to more than one priority position (a, b, c, 
or d). These bits may be changed dynamically. 

00 = SCC1 will assert its request in the SCCd position. 

01 = SCC2 will assert its request in the SCCd position. 
10 = SCC3 will assert its request In the SCCd position. 
11= SCC4 will assert its request in the SCCd position. 
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SCcP— SCCc Priority Order 

These two bits define wliich SCO will assert its request in the SCCc priority position. 
The user should not program the same SCC to more than one priority position (a, b, c, 
or d). These bits may be changed dynamically. 

00 = SCC1 will assert its request in the SCCc position. 

01 = SCC2 will assert its request in the SCCc position. 

10 = SCC3 will assert its request In the SCCc position. 

1 1 = SCC4 will assert its request in the SCCc position. 

SCbP— SCCb Priority Order 
These two bits define which SCC will assert its request in the SCCb priority position. 
The user should not program the same SCC to more than one priority position (a, b, c, 
or d). These bits may be changed dynamically. 

00 = SCC1 will assert its request in the SCCb position. 

01 = SCC2 will assert its request in the SCCb position. 

10 = SCC3 will assert Its request in the SCCb position. 

1 1 = SCC4 will assert its request in the SCCb position. 

SCaP— SCCa Priority Order I 

These two bits define which SCC will assert its request in the SCCa priority position. 
The user should not program the same SCC to more than one priority position (a, b, c, 
or d). These bits may be changed dynamically. 

00 = SCC1 will assert its request in the SCCa position. 

01 = SCC2 will assert its request in the SCCa position. 

10 = SCC3 will assert its request in the SCCa position. 

1 1 = SCC4 will assert its request in the SCCa position. 

IRL2-IRL0— Interrupt Request Level 

The IRL field contains the priority request level of the interrupt from the CPM that Is sent 
to the CPU32+ core. Level 7 indicates a nonmaskable interrupt; level indicates that all 
CPM interrupts are disabled. The IRL field, therefore, acts as a master enable for the 
CPM interrupts in addition to specifying the interrupt priority level. The IRL field is 
initialized to zero during reset to prevent the CPM from generating an interrupt until this 
register has been initialized. Value $4 is a good value to choose for the IRL field in most 
systems. 

NOTES 

In systems with multiple QUICCs sharing the same system 
bus, assign these bits to a different request level in each 
QUICC. 

If QUIC C is in slave mode (CPU32+ disabled), then the 
external IRQx pin corresponding to the value programmed in 
IRL2-IRL0 should n ot be used. (For example, if IRL2-IRL0 has 
the value $5, then IRQ5 on this QUICC should not be used 
externally.) This also applies to the programmable Interrupt 
timer and software watchdog in the SIM60 of the slave QUICC. 
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HP4-HP0— Highest Priority 

These bits specify the 5-bit interrupt number of the singie CPIC interrupt source that is 
to be advanced to the highest priority in the table. These bits may be dynamically 
modified. To keep the original priority order intact, simply program these bits to 1 1 1 1 1 . 

VBA2-VB0— Vector Base Address 

These three bits are concatenated with five bits provided by the CPIC for each specific 
interrupt source to form an 8-bit interrupt vector number. If these bits are not written, the 
uninitialized vector (value $0F) is provided for ail CPM sources. These bits should not 
be dynamically modified. 

Bits 4-1 — Reserved 




SPS— Spread Priority Scheme 
This bit, which selects the relative SCC priority scheme, may not be changed 
dynamically. 

= Grouped. The SCCs are grouped in priority at the top of the table. 

1 = Spread. The SCCs are spread in priority throughout the table. 

7.15.5.2 CPM INTERRUPT PENDING REGISTER (CIPR). Each bit in the 32-bit read- 
write CIPR corresponds to a CPM Interrupt source. When a CPM Interrupt Is received, the 
CPIC sets the corresponding bit in the CIPR. 



31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


171 


16 


PCO 


SCC1 


SCC2 


SCC3 


SCC4 


PCI 


TIMER 
1 


PC2 


PC3 


SOMA 


IDMA1 


IDMA2 


— 


TIMER 
2 


R-n 


- 


15 


14 


13 


12 


11 


10 


9 


a 


7 


6 


5 


4 


3 


2 


1 





PC4 


PCS 


— 


TIMER 
3 


PC6 


PC7 


PCS 


— 


TIMER 
4 


PC9 


SPI 


SMC1 


SMC2/ 
PIP 


PC10 


PC11 


— 



In a vectored interrupt scheme, the CIPR clears the CIPR bit when the vector number 
corresponding to the CPM interrupt source is passed during an interrupt acknowledge 
cycle, unless an event register exists for that interrupt source. (Event registers exist for 
interrupt sources that have multiple source events. For example, the SCCs have multiple 
events that can cause an SCC interrupt.) 

In a polled interrupt scheme, the user must periodically read the CIPR. When a pending 
interrupt is handled, the user clears the corresponding bit in the CIPR. (However, if an 
event register exists, the unmasked event register bits should be cleared instead, causing 
the CIPR bit to be cleared.) To clear a bit in the CIPR, the user writes a one to that bit. 
Since the user can only clear bits in this register, bits written as zeros will not be affected. 
The CIPR is cleared at reset. 
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NOTES 

The sec CIPR bit positions are NOT changed according to the 
relative priority between SCCs (as determined by the SCxP 
and SPS bits in the CICR). 

No bit In the CIPR is set if the error vector is issued. 

7.15.5.3 CPM INTERRUPT MASK REGISTER (CIMR). Each bit in the 32-bit read-write 
CIMR corresponds to a CPM Interrupt source. The user masks an interrupt by clearing the 
corresponding bit in the CIMR and enables an interrupt by setting the corresponding bit in 
the CIMR. When a masked CPM interrupt occurs, the corresponding bit in the CIPR is still 
set, regardless of the CIMR bit, but no interrupt request is passed to the CPU32+ core. 

If a CPM Interrupt source is requesting interrupt service when the user clears its CIMR bit, 
the request will cease. If its CIMR bit Is later set by the user, a previously pending interrupt 
request will be processed by the CPU32+ core, according to Its assigned priority. The 
CIMR can be read by the user at any time. The CIMR is cleared at reset. 



31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


171 


16 


PCO 


SCC1 


SCC2 


SCC3 


SCC4 


PCI 


TIMER 
1 


PC2 


PC3 


SOMA 


IDMA1 


IDMA2 


- 


TIMER 
2 


R-n 


- 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





PC4 


PCS 


— 


TIMER 
3 


PC6 


PC7 


PCS 


- 


TIMER 
4 


PC9 


SPI 


SMC1 


SMC2/ 
PIP 


PC10 


PC11 


— ' 




NOTES 

The sec CIMR bit positions are NOT affected by the relative 
priority between SCCs (as determined by the SCxP and SPS 
bits in the CICR). 

To clear bits that were set by multiple interrupt events, the user 
must clear all the unmasked events in the corresponding event 
register. 

If a bit in the CIMR is masked at the same time that the 
corresponding CIPR bit causes an interrupt request to the 1MB, 
then the interrupt Is not processed, but the error vector Is 
issued if the interrupt acknowledge cycle occurs with no other 
CPM interrupts pending. Thus, the user should always Include 
an error vector routine, even if it just contains the RTE 
instruction. 

The error vector cannot be masked. 

7.15.5.4 CPM INTERRUPT IN-SERVICE REGISTER (CISR). Each bit in the 32-bit read- 
write CISR corresponds to a CPM interrupt source. In a vectored interrupt environment, 
the CPIC sets the CISR bit when the vector number corresponding to the CPM interrupt 
source is passed during an interrupt acknowledge cycle. The user's interrupt service 
routine must clear this bit after servicing is complete. (If an event register exists for this 
peripheral, its bits would normally be cleared as well.) To clear a bit in the CISR, the user 
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writes a one to that bit. Since the user can only clear bits in this register, bits written as 
zeros will not be affected. The CISR Is cleared at reset. 



31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


171 


16 


PCO 


SCC1 


SCC2 


SCC3 


SCC4 


PCI 


TIMER 

1 


PC2 


PC3 


SOMA 


I0MA1 


IDMA2 


— 


TIMER 
2 


R-n 


- 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





PC4 


PCS 


- 


TIMER 
3 


PC6 


PC7 


PCS 


— 


TIMER 
4 


PC9 


SPI 


SMC1 


SMC2/ 
PIP 


PC10 


PC11 


— 




This register may be read by the user to determine which Interrupt requests are currently 
In progress (i.e., the Interrupt handler started execution) for each CPM Interrupt source. 
More than one bit In the CISR may be a one if higher priority CPM interrupts are allowed 
to interrupt lower priority level Interrupts within the same CPM Interrupt level. For example, 
the TIMER2 Interrupt routine could interrupt the handling of the TIMER3 routine, using a 
special nesting technique described earlier. During this time, the user would see both the 
TIMERS and the TIMER2 bits simultaneously set In the CISR. 

NOTES 

The sec CISR bit positions are NOT affected by the relative 
priority between SCCs (as determined by the SCxP and SPS 
bits in the CICR). 

If the error vector Is taken, no bit in the CISR Is set. All 
undefined bits In the CISR return zeros when read. 

The user can control the extent to which CPM Interrupts may 
Interrupt other CPM Interrupts by selectively clearing the CISR. 
A new interrupt will be processed If it has a higher priority than 
the higher priority Interrupt having Its CISR bit set. Thus, If an 
Interrupt routine lowers the 3-bit mask In the CPU32+ core to 
the CPM level minus one and also clears its CISR bit at the 
beginning of the Interrupt routine, a lower priority Interrupt can 
interrupt the higher one, as long as the lower priority interrupt 
Is of higher priority than any other CISR bits that are currently 
set. 

7.15.6 Interrupt Handler Examples 

The following examples illustrate proper interrupt handling of CPM interrupts. Nesting of 
interrupts within the CPM Interrupt level is not shown in the following examples. 

7.15.6.1 EXAMPLE 1— PC6 INTERRUPT HANDLER. In this example, the CPIC 
hardware clears the PC6 bit In the CIPR during the interrupt acknowledge cycle. This is an 
example of a handler for an Interrupt source without multiple events. 

1 . Vector to Interrupt handler. 

2. Handle event associated with a change in the state of the port C6 pin. 

3. Clear the PC6 bit In the CISR. 

4. Execute the RTE Instruction. 
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7.15.6.2 EXAMPLE 2— SCC1 INTERRUPT HANDLER. In this example, the CIPR bit 
SCC1 remains set as long as one or more unmasked event bits remain in the SCCE1 
register. This is an example of a handler for an interrupt source with multiple events. Note 
that the bit in CIPR does not need to be cleared by the handler, but the bit In CISR does 
need to be cleared. 

1 . Vector to interrupt handler. 

2. Immediately read the SCC1 event register (SCCE1) Into a temporary location. 

3. Decide which events in the SCCE1 will be handled in this handler and clear those 
bits as soon as possible. (SCCE bits are cleared by writing ones.) 

4. Handle events in the SCC1 Rx or Tx BD tables. 

5. Clear the SCC1 bit in the CISR. 

6. Execute the RTE instruction. If any unmasked bits in SCCE1 remain at this time 
(either not cleared by the software or set by the QUICC during the execution of this 
handler), this interrupt source will be made pending again immediately following the 
RTE instruction. 
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SECTION 8 

IEEE 1149.1 TEST ACCESS PORT 

The QUICC provides a dedicated user-accessible test access port (TAP) tliat is fully 
compatible with the IEEE 1 149. 1 Standard Test Access Port and Boundary Scan 
Architecture. Problems associated with testing high-density circuit boards have led to 
development of this proposed standard under the sponsorship of the Test Technology 
Committee of IEEE and the Joint Test Action Group (JTAG). The QUICC implementation 
supports circuit-board test strategies based on this standard. 

The QUIC C TAP contains one additional signal not available with the MC68340 TAP— the 
test reset (TRST) signal. This signal provides an asynchronous reset to the TAP. 

The TAP consists of five dedicated signal pins, a 16-state TAP controller, and two test 
data registers. A boundary scan register links all device signal pins into a single shift 
register. The test logic, implemented utilizing static logic design. Is independent of the 
device system logic. The QUICC implementation provides the capability to: 

a. Perform boundary scan operations to test circuit-board electrical continuity. 

b. Bypass the QUICC for a given circuit-board test by effectively reducing the boundary 
scan register to a single cell. 

c. Sample the QUICC system pins during operation and transparently shift out the 
result in the boundary scan register. 

d. Disable the output drive to pins during circuit-board testing. 

NOTE 

Certain precautions must be observed to ensure that the IEEE 
1 149.1 test logic does not interfere with nontest operation. See 
8.1 1 Non-IEEE 1 1 49.1 Operation for details. 

Although not specifically part of IEEE 1149.1, the QUICC contains a signal th at can be 
used to three-state all QUICC output signals. This signal, called three-state (TRIS), is 
sampled during system reset when the QUICC is not in slave mode. 

8.1 OVERVIEW 

This section, which includes aspects of the IEEE 1149.1 implementation that are specific 
to the QUICC, is intended to be used with the supporting IEEE 1149.1 document. The 
discussion Includes those items required by the standard to be defined and, In certain 
cases, provides additional infomriation specific to the QUICC implementation. For internal 
details and applications of the standard, refer to the IEEE 1 149.1 document. 
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An overview of the QUICC Implementation of IEEE 1149.1 is shown in Figure 8-1. The 
QUICC implementation includes a TAP controller, a 3-bit instruction register, and two test 
registers (a 1-bit bypass register and a 196-bit boundary scan register). This 
implementation includes a dedicated TAP consisting of the following signals: 

• TCK— a test clock input to synchronize the test logic. 

• TMS— a test mode select input (with an internal pullup resistor) that is sampled on the 
rising edge of TCK to sequence the TAP controller's state machine. 

• TDI— a test data input (with an internal pullup resistor) that is sampled on the rising 
edge of TCK. 

• TDD— a three-stateable test data output that Is actively driven In the shift-IR and shift- 
DR controller states. TDO changes on the falling edge of TCK. 

• TRST— an asynchronous reset with an internal pullup resistor that provides 
initialization of the TAP controller and other logic required by the standard. 




194 



BOUNDARY SCAN REGISTER 



BYPASS 



TMS 



TCK 



TRST 



TAP 
CTLR 



DECODER 



3-BIT INSTRUCTION REGISTER 



_^ 



Figure 8-1. Test Logic Block Diagram 



8.2 TAP CONTROLLER 

The TAP controller is responsible for interpreting the sequence of logical values on the 
TMS signal. It is a synchronous state machine that controls the operation of the JTAG 
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logic. The state machine is shown in Figure 8-2. The value shown adjacent to each arc 
represents the value of the TMS signal sampled on the rising edge of the TCK signal. For 
a description of the TAP controller states, refer to the IEEE 1 149.1 document. 



TEST LOGIC 
RESET 



) 



/ RUN-TEST/IDLE V > > ( SELECT-DR SCAN V- 

< 





Figure 8-2. TAP Controller State Machine 



8.3 BOUNDARY SCAN REGISTER 

The QUICC IEEE 1149.1 implementation has a 196-bit boundary scan register. This 
register contains bits for all device signal and clock pins and associated control signals. 
The EXTAL, XTAL, and XFC pins are associated with analog signals and are not included 
in the boundary scan register. 
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All QUICC bidirectional pins have a single register bit In the boundary scan register for pin 
data and are controlled by an associated control bit in this register. Twenty-five bits in the 
boundary scan register define the output enable signal for associated groups of 
bidirectional and three-stateable pins. The control bits and their bit positions are listed in 
Table 8-1. 

Table 8-1. Boundary Scan Control Bits 



Name 


Bit Number 


Name 


Bit Number 


Name 


Bit Number 


gl.cnti 


2 


glO.cntI 


32 


pbhLcti 


155 


g2.cntl 


5 


add.cnti 


59 


pblh.ctl 


159 


gS.cntI 


8 


addh.cnti 


83 


pchh.ctl 


170 


g4.cntl 


13 


gll.cnt 


89 


pchKctl 


174 


gS.cntI 


16 


db.cti 


110 


pclii.cti 


179 


ge.cnti 


18 


pahh.cti 


131 


g12.cnti 


188 


g7.cntl 


23 


pahl.cti 


136 


g13.cnti 


191 


gS.cntI 


27 


palh.cti 


141 


g14.cnti 


194 


gQ.cntI 


29 


pbhh.ctl 


150 








The boundary scan bit definitions are listed in Table 8-2. 

The first column in the table defines the bit's ordinal position in the boundary scan register. 
The shift register cell nearest TDO (i.e., first to be shifted out) is defined as bit 0; the last 
bit to be shifted out is 1 94. 

The second column references one of the four QUICC cell types depicted in Figures 8-3- 
8-6, which describe the cell structure for each type. 

The third column lists the pin name for all pin-reiated cells or defines the name of 
bidirectional control register bits. 

The fourth column lists the pin type for convenience, where TS-Output indicates a three- 
stateable output pin, I/O indicates a bidirectional pin, and OD-I/0 denotes an open-drain 
bidirectional pin. 

The last column indicates the associated boundary scan register control bit for 
bidirectional, three-state, and open-drain output pins. 

Bidirectional pins include a single scan cell for data (lO.Cell) as depicted in Figure 8-6. 
These bits are controlled by the cell shown in Figure 8-5. The value of the control bit 
detemnines whether the bidirectional pin is an input or an output. One or more bidirectional 
data cells can be serially connected to a control ceil as shown in Figure 8-7. Note that, 
when sampling the bidirectional data ceils, the cell data can be interpreted only after 
examining the 10 control cell to determine pin direction. 
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Table 8-2. Boundary Scan Bit Definition 



Bit 
Num 


Cell 
Type 


PIn/Cell 
Name 


Pin 
Type 


Output 
CTLCeli 





I/O 


reseth 


I/O 


gl.ctl 


1 


I/O 


Bkpt 


I/O 


g1.cti 


2 


lO.cU 


gl.cti 


— 


— 


3 


I/O 


Irq6 


I/O 


g1.ctl 


4 


I/O 


Irq4 


I/O 


g1.ctl 


5 


IO.ctl 


g2.ctl 


— 


— 


6 


I/O 


Bgack 


TS-0 


g2.ctl 


7 


I/O 


Bg 


I/O 


g3.ctl 


8 


IO.ctl 


g3.ctl 


— 


— 


9 


I/O 


Br 


$ 


g4.ctl 


10 


I/O 


ncl 


I/O 


g4.ctl 


11 


I/O 


Ifetch 


I/O 


g5.ctl 


12 


Output 


oe 


Output 


— 


13 


IO.ctl 


g4.ctl 


— 


— 


14 


I/O 


bciro 


I/O 


gS.ctI 


15 


I/O 


nc2 


I/O 


g5.ctl 


16 


IO.ctl 


g5.ctl 


— 


— 


17 


I/O 


Ipipel 


I/O 


g5.ctl 


18 


IO.ctl 


g6.ctl 


— 


— 


19 


I/O 


M 


I/O 


g6.ctl 


20 


Output 


IpipeO 


Output 


— 


21 


I/O 


PrtyO 


I/O 


g7.ctl 


22 


I/O 


Prtyl 


I/O 


g7.ctl 


23 


IO.ctl 


g7.ctl 


— 


— 


24 


I/O 


Prty2 


I/O 


g7.ctl 


25 


I/O 


Prty3 


I/O 


g7.ctl 


26 


I/O 


Dsackl 


TS-0 


g8.ctl 


27 


IO.ctl 


g8.ctl 


— 


— 


28 


I/O 


DsackO 


TS-0 


g8.ctl 


29 


IO.ctl 


g9.ctl 


— 


— 


30 


I/O 


nc3 


I/O 


g9.ctl 


31 


I/O 


R/w" 


I/O 


g9.ctl 


32 


IO.ctl 


g10.ctl 


— 


. — 


33 


I/O 


Ds 


I/O 


glO.ctI 


34 


I/O 


freeze 


I/O 


glO.ctI 



Bit 
Num 


Cell 
Type 


Pin/Ceil 
Name 


Pin 
Type 


Output 
CTLCeli 


35 


Output 


CasO 


Output 


— 


36 


Output 


Cast 


Output 


— 


37 


Output 


Cas2 


Output 


— 


38 


Output 


Cas3 


Output 


— 


39 


Output 


CsO 


Output 


— 


40 


Output 


Csl 


Output 


— 


41 


Output 


Cs2 


Output 


— 


42 


Output 


Cs3 


Output 


— 


43 


Output 


Cs4 


Output 


— 


44 


Output 


Cs5 


Output 


— 


45 


Output 


Cs6 


Output 


— 


46 


Output 


Cs7 


Output 


— 


47 


input 


Irq7 


Input 


— 


48 


Input 


Tris 


Input 


— 


49 


I/O 


AddO 


I/O 


add.ctl 


50 


I/O 


Addl 


I/O 


addctl 


51 


I/O 


Add2 


I/O 


add.ctl 


52 


I/O 


Add3 


I/O 


add.ctl 


53 


i/0 


Add4 


I/O 


addctl 


54 


I/O 


Add5 


I/O 


addctl 


55 


I/O 


Add6 


I/O 


add.cti 


56 


I/O 


Add7 


I/O 


add.ctl 


57 


I/O 


Adds 


I/O 


add.ctl 


58 


I/O 


Add9 


I/O 


addctl 


59 


IO.ctl 


add.ctl 


— 


— 


60 


I/O 


AddIO 


I/O 


add.ctl 


61 


I/O 


Addll 


I/O 


add.ctl 


62 


I/O 


Addl 2 


I/O 


add.ctl 


63 


I/O 


Add13 


I/O 


add.ctl 


64 


I/O 


Addl 4 


I/O 


added 


65 


I/O 


Addl 5 


I/O 


add.ctl 


66 


I/O 


Addl 6 


I/O 


addctl 


67 


I/O 


Addl 7 


I/O 


addctl 


68 


I/O 


Addl 8 


I/O 


addctl 


69 


I/O 


Addl 9 


I/O 


add.ctl 
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Table 8-2. Boundary Scan Bit Definition (Continued 


1 




Bit 
Num 


Cell 
Type 


Pin/Cell 
Name 


Pin 
Type 


Output 
CTLCell 




Bit 
Num 


Cell 
Type 


Pin/Cell 
Name 


Pin 
Type 


Output 
CTLCell 


70 


I/O 


Add20 


I/O 


add.ctl 


105 


Output 


ClkoO 


Output 


— 


71 


I/O 


Add21 


I/O 


add.ctl 


106 


Output 


Clkol 


Output 


— 


72 


I/O 


Add22 


I/O 


add.ctl 


107 


I/O 


Data19 


I/O 


Db.ctl 


73 


I/O 


Add23 


I/O 


add.ctl 


108 


I/O 


DatalS 


I/O 


Db.ctl 


74 


I/O 


Add24 


I/O 


add.ctl 


109 


I/O 


Data17 


I/O 


Db.ctl 


75 


I/O 


Add25 


I/O 


add.ctl 


110 


IO.ctl 


Db.ctl 


— 


— 


76 


I/O 


Add26 


I/O 


add.ctl 


111 


I/O 


Data16 


I/O 


Db.ctl 


77 


I/O 


Add27 


I/O 


add.ctl 


112 


I/O 


DatalS 


I/O 


Db.ctl 


78 


I/O 


nc4 


I/O 


add.ctl 


113 


I/O 


DataU 


I/O 


Db.ctl 


79 


Input 


Modclkl 


Input 


— 


114 


I/O 


DatalS 


I/O 


Db.ctl 


80 


Input 


ModcIkO 


Input 


— 


115 


I/O 


Data12 


I/O 


Db.ctl 


81 


I/O 


Add28 


I/O 


Addh.ctl 


116 


I/O 


Datall 


I/O 


Db.ctl 


82 


I/O 


Add29 


I/O 


Addh.ctl 


117 


I/O 


DatalO 


I/O 


Db.ctl 


83 


IO.ctl 


Addh.ctl 


— 


— 


118 


I/O 


Data9 


I/O 


Db.ctl 


84 


I/O 


Add30 


I/O 


Addh.ctl 


119 


I/O 


Data8 


I/O 


Db.ctl 


85 


I/O 


Add31 


I/O 


Addh.ctl 


120 


I/O 


Data7 


I/O 


Db.ctl 


86 


I/O 


SizO 


I/O 


glLctl 


121 


I/O 


Data6 


I/O 


Db.ctl 


87 


I/O 


Sizi 


I/O 


glLctl 


122 


I/O 


Data5 


I/O 


Db.ctl 


88 


I/O 


FcO 


I/O 


glLctl 


123 


I/O 


Data4 


I/O 


Db.ctl 


89 


IO.ctl 


gll.cti 


— 


— 


124 


I/O 


Data3 


I/O 


Db.ctl 


90 


I/O 


Fcl 


I/O 


glLctl 


125 


I/O 


Data2 


I/O 


Db.ctl 


91 


I/O 


Fc2 


I/O 


gll.cti 


126 


I/O 


Datal 


I/O 


Db.ctl 


92 


I/O 


Fc3 


I/O 


glLctl 


127 


I/O 


DataO 


I/O 


Db.ctl 


93 


I/O 


Data31 


I/O 


Db.cti 


128 


I/O 


pais 


I/O 


pahh.cti 


94 


I/O 


Data30 


I/O 


Db.cti 


129 


I/O 


pal 4 


I/O 


pahh.cti 


95 


I/O 


Data29 


I/O 


Db.cti 


130 


I/O 


pal 3 


I/O 


pahh.cti 


96 


I/O 


Data28 


I/O 


Db.cti 


131 


IO.ctl 


pahh.cti 


— 


— 


97 


I/O 


Data27 


I/O 


Db.cti 


132 


I/O 


pal 2 


I/O 


pahh.cti 


98 


I/O 


Data26 


I/O 


Db.cti 


133 


I/O 


pall 


I/O 


pahh.cti 


99 


I/O 


Data25 


I/O 


Db.cti 


134 


I/O 


palO 


I/O 


pahh.cti 


100 


I/O 


Data24 


I/O 


Db.cti 


135 


I/O 


pa9 


I/O 


pahLctl 


101 


I/O 


Data23 


I/O 


Db.ctl 


136 


IO.ctl 


pahLctl 


— 


— 


102 


I/O 


Data22 


I/O 


Db.cti 


137 


I/O 


pa8 


I/O 


pahl.cti 


103 


I/O 


Data21 


I/O 


Db.cti 


138 


I/O 


pa7 


I/O 


pahl.cti 


104 


I/O 


Data20 


I/O 


Db.cti 


139 


I/O 


pa6 


I/O 


pahl.cti 
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Table 8-2. Boundary Scan Bit Definition (Concluded) 



en 

Num 


Cell 
Type 


Pin/Cell 
Name 


Pin 
Type 


Output 
CTLCell 


140 


I/O 


paS 


I/O 


pahl.cti 


141 


IO.c« 


path.ctl 


— 


— 


142 


I/O 


pa4 


I/O 


palh.cti 


143 


I/O 


pa3 


I/O 


palh.cti 


144 


I/O 


pa2 


I/O 


palh.cti 


145 


I/O 


pal 


I/O 


palh.ctl 


146 


I/O 


paO 


I/O 


palh.cti 


147 


I/O 


pb17 


I/O 


pbhh.ctl 


148 


I/O 


pb16 


I/O 


pbhh.ctl 


149 


I/O 


pb15 


I/O 


pbhh.ctl 


150 


lO.ctI 


pbhh.ctl 


— 


— 


151 


I/O 


pb14 


I/O 


pbhh.ctl 


152 


I/O 


pb13 


I/O 


pbhh.ctl 


153 


I/O 


pb12 


I/O 


pbhh.ctl 


154 


I/O 


pbll 


I/O 


pbhl.ctl 


155 


lO.ctI 


pbhl.ctl 


— 


— 


156 


I/O 


pb10 


I/O 


pbhl.ctl 


157 


I/O 


pb9 


I/O 


pbhLctl 


158 


I/O 


pb8 


I/O 


pbhLctl 


159 


I/O 


pb7 


I/O 


pbhLctl 


160 


lO.ctI 


pblh.ctl 


— 


— 


161 


I/O 


pb6 


I/O 


pblh.ctl 


162 


I/O 


pbS 


I/O 


pblh.ctl 


163 


I/O 


pb4 


I/O 


pblh.ctl 


164 


I/O 


pb3 


I/O 


pblh.ctl 


165 


I/O 


pb2 


I/O 


pblh.ctl 


166 


I/O 


pbl 


I/O 


pblh.ctl 


167 


I/O 


pbO 


I/O 


pblh.ctl 



Bit 
Num 


Cell 
Type 


Pin/Cell 
Name 


Pin 
Type 


Output 
CTLCell 


168 


I/O 


pell 


I/O 


pchh.ctl 


169 


lO.ctI 


pchh.ctl 


— 


— 


170 


I/O 


pcIO 


I/O 


pchh.ctl 


171 


I/O 


pc9 


I/O 


pchh.ctl 


172 


I/O 


pc8 


I/O 


pchh.cU 


173 


I/O 


pc7 


I/O 


pchLctl 


174 


lO.ctI 


pchLctl 


— 


— 


175 


I/O 


pc6 


I/O 


pchLctl 


176 


I/O 


pc5 


I/O 


pchLctl 


177 


I/O 


pc4 


I/O 


pchLctl 


178 


I/O 


pc3 


I/O 


pclh.ctl 


179 


i0.ctl 


pclh.ctl 


— 


— 


180 


I/O 


pc2 


I/O 


pclh.ctl 


181 


I/O 


pel 


I/O 


pclh.cti 


182 


I/O 


pcO 


I/O 


pclh.ctl 


183 


Input 


Irq2 


Input 


— 


184 


Input 


Irq3 


Input 


— 


185 


Input 


Irq5 


Input 


— • 


186 


I/O 


Irql 


I/O 


g12.ctl 


187 


I/O 


Berr 


$ 


g12.ctl 


188 


IO.ctl 


g12.ctl 


— 


— 


189 


I/O 


Halt 


$ 


g13.cti 


190 


I/O 


Resets 


$ 


g13.ctl 


191 


IO.ctl 


g13.c« 






192 


I/O 


Rmc 


I/O 


g14.ctl 


193 


I/O 


Avec 


TS-O 


g14.ctl 


194 


IO.ctl 


g14.ctl 


— 




195 


Output 


Perr 


$ 


g14.ctl 




$ = These pins are implemented differently in nonnal mode and in JTAG mode — open drain in nonrtal mode. TS-O in 
JTAG mode. 
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Figure 8-3. Output Latch Cell (O.Latch) 
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Figure 8-4. Input Pin Cell (I.PIn) 
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Figure 8-5. Control Cell (lO.CtI) 
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Figure 8-6. Bidirectional Data Cell (lO.Cell) 
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Figure 8-7. General Arrangement for Bidirectional Pins 




8.4 INSTRUCTION REGISTER 

The QUICC IEEE 1149.1 implementation inciudes tiie tiiree mandatory pubiic instructions 
(EXTEST, SAIVIPLE/PRELOAD, and BYPASS), and also supports tiie optional CI_AMP 
instruction. One additional public instruction (Hl-Z) provides the capability for disabling all 
device output drivers. The QUICC includes a 3-bit instruction register without parity 
consisting of a shift register with three parallel outputs. Data is transferred from the shift 
register to the parallel outputs during the update-IR controller state. The three bits are 
used to decode the five unique instructions listed in Table 8-3. 



Table 8-3. Instruction Decoding 



Code 


Instruction 


B2 


B1 


BO 











EXTEST 








1 


SAMPLE/PRELOAD 


X 


1 


X 


BYPASS 


1 








Hl-Z 


1 





1 


CLAMP and BYPASS 



8-10 



MC68360 USER'S MANUAL 



MOTOROLA 



The parallel output of the instruction register is reset to all ones in the test-logic-reset 
controller state. Note that this preset state is equivalent to the BYPASS instruction. 

During the capture-IR controller state, the parallel inputs to the instruction shift register are 
loaded with the CLAMP command code. 

8.4.1 EXTEST 

The external test (EXTEST) instruction selects the 196-bit boundary scan register. 
EXTEST also asserts internal reset for the QUICC system logic to force a predictable 
benign internal state while performing external boundary scan operations. 

By using the TAP, the register is capable of a) scanning user-defined values into the 
output buffers, b) capturing values presented to input pins, c) controlling the direction of 
bidirectional pins, and d) controlling the output drive of three-stateable output pins. For 
more details on the function and use of EXTEST, please refer to the IEEE 1149.1 
document. 

8.4.2 SAMPLE/PRELOAD 

The SAMPLE/PRELOAD instruction provides two separate functions. First, It provides a 
means to obtain a snapshot of system data and control signals. The snapshot occurs on 
the rising edge of TCK in the capture-DR controller state. The data can be observed by 
shifting it transparently through the boundary scan register. 

NOTE 

Since there is no internal synchronization between the IEEE 
1149.1 clock (TCK) and the system clock (CLK01), the user 
must provide some form of external synchronization to achieve 
meaningful results. 

The second function of SAMPLE/PRELOAD is to initialize the boundary scan register 
output cells prior to selection of EXTEST. This initialization ensures that known data will 
appear on the outputs when entering the EXTEST Instruction. 

8.4.3 BYPASS 

The BYPASS instruction selects the single-bit bypass register as shown In Figure 8-8. 
This creates a shift register path from TDI to the bypass register and, finally, to TDO, 
circumventing the 196-bit boundary scan register. This instruction is used to enhance test 
efficiency when a component other than the QUICC becomes the device under test. 
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SHIFT DR 




TO TOO 



Figure 8-8. Bypass Register 

When the bypass register is selected by the current instruction, the shift register stage is 
set to a logic zero on the rising edge of TCK in the capture-DR controller state. Therefore, 
the first bit to be shifted out after selecting the bypass register will always be a logic zero. 

8.4.4 CLAI\/IP 

The CLAMP instruction selects the single-bit bypass register as shown in Figure 8-8, and 
the state of all signals driven from system output pins is completely defined by the data 
previously shifted into the boundary scan register (for example, using the 
SAMPLE/PRELOAD instruction). 




8.4.5 Hl-Z 

The Hl-Z instruction is not included in the IEEE 1149.1 standard. It is provided as a 
manufacturer's optional public instruction to prevent having to backdrive the output pins 
during circuit-board testing. When Hl-Z is invoked, all output drivers, including the two- 
state drivers, are turned off (i.e., high impedance). The instruction selects the bypass 
register. 

NOTE 



On the QUICC, the TRIS pin may also be used during system 
reset to perfomi the same function. 



8.5 QUICC RESTRICTIONS 

The control afforded by the output enable signals using the boundary scan register and 
the EXTEST instruction requires a compatible circuit-board test environment to avoid 
device-destructive configurations. The user must avoid situations in which the QUICC 
output drivers are enabled into actively driven networks. 

The QUICC includes on-chip circuitry to detect the initial application of power to the 
device. Power-on reset (POR), the output of this circuitry, is used to reset both the system 
and IEEE 1149.1 logic. The purpose for applying POR to the IEEE 1149.1 circuitry is to 
avoid the possibility of bus contention during power-on. The time required to complete 
device power-on is power-supply dependent. However, the IEEE 1149.1 TAP controller 
remains in the test-logic-reset state while POR is asserted. The TAP controller does not 
respond to user commands until POR is negated. 
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The QUICC features a low-power stop mode, which is involved using a CPU Instruction 
called LPSTOP. The Interaction of the IEEE 1 149.1 interface with low-power stop mode Is 
as follows: 

1 . The TAP controller must be in the test-logic-reset state to either enter or remain in 
the low-power stop mode. Leaving the TAP controller in the test-logic-reset state 
negates the ability to achieve low-power, but does not othenA/ise affect device 
functionality. 

2. The TCK input is not blocked in low-power stop mode. To consume minimal power, 
the TCK input should be extemally connected to Vqc or ground. 

3. The TMS and TDI pins include on-chip pullup resistors. In low-power stop mode, 
these two pins should remain either unconnected or connected to Wqq to achieve 
minimal power consumption. 

8.6 NON-IEEE 1 1 49.1 OPERATION 

In non-IEEE 1149.1 operation, there are two constraints. First, the TCK Input does not 
Include an internal pullup resistor and should not be left unconnected to preclude mid-level 
inputs. The second constraint is to ensure that the IEEE 1149.1 test logic is kept 
transparent to the system logic by forcing TAP Into the test-logic-reset controller state, 
using either of two methods. During power-up, POR forces the TAP controller into this 
state. After power-up is concluded, TMS must be sampled as a logic one for five 
consecutive TCK rising edges. If TMS either remains unconnected or is connected to 
Vcc. then the TAP controller cannot leave the test-logic-reset state, regardless of the 
state of TCK. 
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SECTION 9 
APPLICATIONS 

9.1 MINIMUM SYSTEM CONFIGURATION 

This section describes a basic minimum system configuration for the QUICC. It discusses 
the hardware and software issues of configurating the QUICC to support a basic system 
with a variety of ROIVI and RAIV! types. 

9.1.1 QUICC Hardware Configuration 

These paragraphs discuss the hardware issues relating to the configuration of the QUICC. 
Reference Figure 9-1 during these discussions. This configuration assumes a 32-bit data 
bus. Comments about the changes required for a 16-bit data bus solution are given at the 
end of the discussion. 

9.1.1.1 QUICC BASIC ACCESSES. The basic connection is made through the data and 
address bus. All 32 data lines are used in this application, although not all memories are a 
full 32-bits wide. 

Twenty-eight address lines are used, giving a 256-Mbytes address capability. It is p ossible 
to us e all 32 address lines, but the QUICC would then lose its write enable lines (WE3- 
WEO). Since these lines are very useful in memory interfaces, they are used in the 
application. 

The function code (FC3-FC0) and data strobe (DS) lines are shown routed to the system 
bus, although the memories in this application do not require them. 




Other pins not dir ectly nee ded are DSACKx, BERR, SIZx, PERR, IPIPEx, and a number of 
chip selects. The DS ACKx lines are not required because the on-chip wait state generator 
is used. The BERR pin is not needed because all bus errors are generated by internal 
monitor logic. The SIZx pins are not needed bec ause th e memory controller has 
programmable port sizes for each me mory ba nk. The PERR pin is not needed because 
parity errors generate bus errors. The IPIPEx pins are only needed for emulator support. 
The additional chip selects can be used to add additional peripherals as required. 
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Figure 9-1. MC68360 Minimum System Configuration 
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9.1.1.2 CLOCKING STRATEGY. In this application, the system clock is generated from a 
32.768-kHz crystal into the QUICC. The QUICC's internal phase-locked loop (PLL) then 
multiplies the frequency up to 25 MHz, and outputs 25 MHz on CLK01 and 50 MHz on 
CLK02. Neither CLKO pin is required for the application. It is recommended that the 
CLKO outputs be disabled in software to save power. 

The use of a 32.768-kHz crystal is not a requirement in the application. A 4-MHz crystal or 
a 25-MHz external oscillator could have been used, if desired. 

The QUICC clocking section allows for the clock oscillator to be kept running through the 
VDDSYN pin In a power-down situation. This section does not address low-power issues, 
however. 

9.1.1.3 RESETTING THE QUICC. If a QUICC is configured to provide the global chip 
select, it will also provide an internal power-on reset generation. Thus, the reset support 
function is very simple. If a pu shbutton s witch is needed, it can be connected b y an open - 
drain buffer to the hard reset (RESETH) pin, once debounced. The soft reset (RESETS) 
pin is not used in this design except to indicate that an internal QUICC soft reset is in 
progress. 

9.1. 1.4 IN TERRUPTS. External interrupts may be brought into the QUICC through eithe r 
the IR Qx pins or parallel I/O pins. This design shows no external interrupts (the IRQ7- 
IRQ1 pins are pulled high), but this could be easi ly cha nged if desired. Without any 
external interrupts requiring autovector capability, the AVEC pin is also pulled high. 

Internal interrupts from the QUICC may be generated in the SIM60 or the CPM. No 
additional hardware is required. 

9.1.1.5 BUS ARBITRATION. This desig n assum es that no alternate bus masters exist in 
the system. Thus, BR is pulled high, and BGACK Is not connected, but pulled high since it 
is an open-drain signal. 

9.1.1.6 BREAKPOINT GENERATION. The QUICC can be used to generate a hardware 
breakpoint signal. The result of a breakpoint (either intern ally ge nerated using the 
breakpoint address register or externa lly gen erated using the BKPT pin) is a CPU32+ 
breakpoint cycle. In this application, the BKPT pin is tied high and is not used. 

9.1.1.7 BUS MONITOR FUNCTION. The QUICC_can be programmed to monitor the bus 
for bus cycles that are not pr operly terminated. If AS is asserted but not negated, the cycle 
will terminate with the BERR pin being asserted. 

9.1.1.8 SPURIOUS INTERRUPT MONITOR. The QUICC will watch for spu rious in terrupt 
cycles on the levels that it supports internally. If such a condition occurs, BERR will lie 
asserted by the QUICC. 

9.1.1.9 SOFTWARE WATCHDOG. If desired, the QUICC software watchdog can be used 
to generate a level 7 interrupt or a system reset. In this application, the software watchdog 
is configured in software to generate a reset. No additional hardware is required. 
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9.1.1.10 DOUBLE BUS FAULT. The QUICC double bus fault monitor may be used In the 
design. No additional hardware is required. 

9.1.1.11 JTAG AND THREE-STATE. The QUICC provides an IEEE1149.1 test access 
port, c ommonly known as JTAG. This interface uses five pins: TMS, TDI, TOO, TCK, and 
TRST. TMS and TDI are left unconnected because they have internal pullups. The JTAG 
port is disabled in this application; however, the capability could be easily added. 




When the QUICC is in master mode, it provides a pin (TRIS) that allows all outputs on the 
device to be three-stated. This pin is simply pulled high in this application. 

9.1.1.12 QUICC SERIAL PORTS. The functions on QUICC parallel I/O ports A, B, and C 
may be used as desired in this application, and have no bearing on the design as shown. 
However, any unused parallel I/O pins should be configured as outputs so they are not left 
floating. 

9.1.2 Memory Interfaces 

In this application, a number of memory arrays have been developed for EPROM, flash 
EPROM, SRAM, EEPROM, and DRAM. Each memory interface can be attached to the 
system bus as desired. 

One issue not discussed is the decision of whether external buffers are needed on the 
system bus. This issue depends on the number of memory arrays used in the design and 
the layout (i.e., capacitance) of the system bus. This issue is left to the user for his 
particular design. 

Another issue left to the user is the number of wait states used with each memory system. 
This depends on the memory speed, whether external buffers are used, and the loading 
on the system bus pins. (The QUICC provides capacitance de-rating figures to calculate 
the effect of additional or less capacitance on the AC Timing Specifications.) 

9.1.2.1 QUICC MEMORY INTERFACE PINS. In this design, a number of QUICC pins are 
made available to the memory arrays ( see F igure 9-1). Eight chip select or RAS pins are 
available in the system. In this desi gn, CSO is used for any of the EPROM arrays since 
this is the global (boot) chip selec t. RAS1 is used for the DRAM arrays because of its 
double-drive capability. CS2/RAS2 is not used in the design and is available for other 
purposes , suc h as a second DRAM bank. CS3 is for SRAM; CS4 is for EEPROM. CSS, 
CS6, and CS7 are unused. 

Parity may be supported for both SRAM and DRAM arrays using the 4-byte parity lines 
PRTY3-PRTY0. In this design, it is shown with only a DRAM. The QUICC is configured in 
software to generate a bus error when a parity error occurs. 

The QUICC provides the address multiplexing for the DRAM arrays internally, which is 
configured in software. Therefore, the address multiplex pin is not needed, and it can be 
used as its o ther function — an output enable (OE) pin. The DRAM arrays require the four 
CAS3-CAS0 pins provided by the QUICC. The QUICC also provides four write enable 
(WE) pins to select the correct byte during write operations. 

9-4 MC68360 USER'S MANUAL MOTOROLA 



9.1.2.2 REGULAR EPROM. Figure 9-2 shows the glueless interface to standard EPROIVI 
in the system. In this case, an 8-bit boot EPROIVI is used. All accesses to the EPROI\/i, 
even word or long-word length, will be partitioned into multiple byte accesses to the 
EPROM. 

The fact that the CONFIG2-CONFIG0 pins are pulled high cause s the se pins to default to 
the 1 1 1 condition, selecting the CPU32+ core to be enabled, the CSO pin to select a byte 
port size, and the IVIBAR to be located in its normal address location. This is the most 
commonly used configuration for the CONFIGx pins. The pullups are used to allow for 
some of the alternate functions of the CONFIGx pins to be used in later applications. 



During Initialization, CSO should be programmed to respond to a 128-Kbyte area in this 
design. 
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Figure 9-2. Glueless Interface to Standard EPROM 

9.1.2.3 FLASH EPROM. Figure 9-3 shows the glueless interface to a flash EPROM 
device. It Is identical to the regular EPROM except that it allows for write operations as 
well. This design assumes that the write operations are CE controlled, rather than WE 
controlled. Most flash EPROM manufacturers now support this alternative timing method. 

The fact that the CONFIGx pins are pulled high cause s the se pins to default to the 111 
condition, selecting the CPU32+ core to be enabled, the CSO pin to select a byte port size, 
and the MBAR to be located in its normal address location. This allows a byte-sized 
EPROM to be used without any external glue logic. 
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During initialization, CSO should be programmed to respond to a 256-Kbyte area in ttiis 
design. 
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Figure 9-3. Glueless Interface to Flash EPROM 

9.1.2.4 SRAM. Figure 9-4 shows the glueless interface to an SRAM. In this case, a full 32- 
bit-wide SRAIVI bank is assumed, but an 8- or 16-bit-wide bank would also be possible at 
the expense of performance. The CS3 pin should be programmed to respond to a 128- 
Kbyte area in this design. 
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Figure 9-4. Glueless Interface to SRAM 
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9.1.2.5 EEPROM. Figure 9-5 shows the glueless interface to an EEPROM device to give a 
small amount of nonvolatile storage. In this case, a byte-wide EEPROM bank is defined to 
minimize cost. If the port size of the chip select is sel ected to be 8-bits, then each byte of 
the EEPROM may be accessed in succession. The CS4 pin should be programmed to 
respond to an 8-Kbyte area in this design. 

Only one byte should be written at a time. After a write is made, software is responsible for 
waiting the appropriate time (e.g., 10 ms) or for performing data polling to see if the newly 
written data byte is correct. 
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Figure 9-5. Glueless Interface to EEPROM 

9.1.2.6 DRAM SIMM. Figure 9-6 shows th e gluele ss interface to an MCM36100S DRAM 
single in-line memory module (SIMM). The RAS1 line should be programmed to respond 
to a 4-Mbyte address space. 

This particular SIMM also includes parity support, which is supported with the PRTY3- 
PRTYO signals. 



This design also uses the RAS1 double-drive capability, whereby the RA S1DD signal is 
output by the QUICC to increase the effective drive capability of the RAS1 signal. 

After power-on reset, the software must wait the required time before accessing the 
DRAM. The required eight read cycles must be performed either in software or by waiting 
for the refresh controller to perform these accesses. 
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Figure 9-6. Glueless Interface to MCM36100S SRAM 

9.1.2.7 DRAM DEVICES. Figure 9-7 shows the glueless interface to standalone DRAM 
devices. In this case, the MCM54260 256K x 16 DRAM device is chosen. This allows a 
full 32-bit-wide DRAM solution usi ng on ly two D RAM d evices, with byte writes still 
supported using the upper and lower CAS pins. The RAS1 line should be programmed to 
respond to a 1 -Mbyte address space. 

The address multiplexing scheme shown i s the sam e as that for the DRAM SIMM. No 
parity support is provided in this case. The RAS1 DD signal is not used in this case since 
only two devices are supported. 

After power-on reset, the software must wait the required time before accessing the 
DRAM. The required eight read cycles must be performed either in software or by waiting 
for the refresh controller to perform these accesses. 
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Figure 9-7. Clueless Interface to Standalone DRAM 



9.1 .3 SOFTWARE CONFIGURATION 

The following paragraphs discuss a number of key points for a software writer desiring to 
initialize the system. The items discussed are those that are required to enable the 
previous hardware configurations. 

9.1.3.1 BASIC INITIALIZATION. The following paragraphs describe the basic initialization 
procedures for the QUICC. 

The module base address register (MBAR) should be set as desired; however, it is unwise 
to allow the QUICC 8-Kbyte block of address space to overlap any memory array. 

The module base address register enable (MBARE) should not be accessed. 
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The module configuration register (IVICR) should be set as desired. ASTM and BSTM may 
be left cleared since their functions are not used in this system. The user should program 
BCLROID2-BCLROID0 to $3 and program the SDMA, IDMA1, and IDMA2 arbitration IDs 
In the SDMA configuration register and IDMA channel configuration registers to 4, 2, and 
0, respectively, to allow the SDIVIA and DRAM refresh to preempt IDMA transfers. 
SHEN1-SHEN0 should be left cleared. SUPV should be cleared. BCLRIID2-BCLRIID0 
are not used and can be programmed to $0. IARB3-IARB0 can be left programmed to $F 
to allow SIM interrupts to have priority over CPM interrupts that occur at the same level. 

The software watchdog interrupt vector register (SWIV) should be set as desired. 

In the system protection control register (SYPCR), DBFE and BME should normally be 
set. If the software watchdog is not used, the SWE bit should be cleared. 

The periodic interrupt control register (PICR) may be set as desired. 

The breakpoint address register (BKAR) and breakpoint control register (BKCR) should be 
set as desired. 

The port E pin as signm ent register (PEPAR) should be set to $01 80. Th is configures the 
RAS1D D pin, the WEx lines instead of A31-A28 lines, the four CASx lines, CS7, and 
AVEC. 

9.1.3.2 CONFIGURING THE MEMORY CONTROLLER. The following paragraphs 
describe configuring the memory controller registers. 

The global memory register (GMR) should be configured as follows: 

The RFCNT bits may be set as desired. At 25 MHz, an RFCNT value of 24 (decimal) 
gives one refresh every 15.6 \is. 

RFEN should be set. 

RCYC depends on the DRAM speed. At 25 MHz (an 80-ns DRAM SIMM), RCYC 
should be 01 . 

PGS2-PGS0 should be set to 1 M for the DRAM SIMM or to 256K for the 256K x 1 6 
DRAM devices. 

DPS should be set to 00. 

WBT40 is not used and should be cleared. 

WBTQ depends on timing; it should be set for 80-ns DRAM SIMMs. 

DWQ depends on timing. 

DW40 is not used and should be cleared. 

EMWS is not used in this design since there is only one QUICC or MC68030-type bus 
master. It should be cleared. 

SYNC is not used in this design since there is only one QUICC or MC68030-type bus 
master. It should be cleared. 
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OPAR may be chosen by the user. 

PBEE should be set to cause parity errors to generate bus errors. 

TSS40 is not used and should be cleared. 

NCS should normally be cleared. 

DWQ depends on timing. It must be set if page mode is used for the DRAIVIs. 

DW40 is not used and should be cleared. 

AMUX should be set. 

The memory controller status register (MSTAT) is used for reporting parity errors and 
does not require initialization. 

The eight base registers (BRs), one for each memory bank, should be configured as 
follows: 

The BA31-BA1 1 bits may be set as desired. Different memory arrays should not 
overlap. 

For simplicity, FC3-FC0 can be cleared. 

TRLXQ should normally be cleared for memory interfaces. 

BACK40 is not used and should be cleared. 

CSNT40 is not used and should be cleared. 

CSNTQ should normally be cleared. 

PAREN should be set for memory banks that use parity. 

WP should be set for EPROM, burst EPROIVI, and flash EPROM; othenwise, it should 
be cleared. 

V should be set if the memory bank is used. 

The eight option registers (ORs), one for each memory bank, should be configured as 
follows: 

The TCYC bits should be set to determine the number of wait states required. 

The AM2 7-AM 1 1 bits should be programmed to determine the block size of the chip 
select or RASx line. This should be the total number of bytes in each memory array. 



FCIVI3-FCM0 may be set to all zeros to allow the chip select or RASx line to assert on 
all function codes except CPU space (interrupt acknowledge). It is advisable to program 
FCIVI3-FCM0 to zeros, at least during the initial stages of debugging. 

BCYC1-BCYC0 are not used and should be cleared. 

PGME may be set as desired to enable page mode if this is a DRAIVI bank. 

SPS1-SPS0 should be set to 10 for the byte-wide memory banks, such as EPROM, 
and cleared for the 32-bit-wide memory banks. 

DSSEL should be set only if this is a DRAIVI bank. 
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9.1.3.3 USING THE QUICC IN 16-BIT DATA BUS MODE. For systems that do not 
require a full 32-bit data bus capability, the QUICC offers a 16-bit data bus mode. A 
system with 16-blt data bus mode is almost the same as the system shown in this section. 
Only a few changes are required. 



To configure the QUICC for 16-bit data bus mode, the system RESET signal should 
be connected to the PRTY3 pin. In 16-bit data bus mode, the PRTY2 and PRTY3 pins 
are not used. 

All port sizes should be configured to either 8 or 16 bits. The DRAM port size must be 
1 6-bits if internal address multiplexing is used. 

Only the D31-D16 pins should be connected to the system bus. Only PRTYO and 
PRTY1 should be used. The unused data and parity pins should be pulled high or low 
through a resistor to save power and to avoid floating inputs. 

Only the upper word of the static RAM array should be used. The CS3 line should be 
programmed to respond to a 64-Kbyte address space. 



• The DRAM SIMM should be replaced with a 16- or 18-bit-wide version. The RAS1 line 
should be programmed to respond to a 2-Mbyte address space. 

• Only the upper 256K x 16 bit DRAM device should be used. The RAS1 line should be 
programmed to respond to a 51 2-Kbyte address space. 

9.2 HOW TO TAKE A QUICC SOFTWARE TEST-DRIVE 

At first glance, the QUICC has so many features that the proper Initialization sequence 
may not be Immediately obvious. The following paragraphs address the issue by showing 
the proper initialization sequence to use when configuring the QUICC in a system after a 
power-up reset. 

Included Is a step-by-step sequence that will allow the user to use and learn each feature 
of the QUICC in a methodical way. The sequence is applicable whether the QUICC Is in 
normal mode (CPU32+ enabled) or slave mode (CPU32+ disabled). Although the 
sequence Is designed as a first-time test-drive of the QUICC, it is also useful as a general 
pattern for an overall QUICC initialization. 

Detailed information of a specific OUICC hardware configuration and the actual values 
that should be written to registers may be found in 9.1 Minimum System Configuration 
and 9.4 Using the QUICC MC68040 Companion Mode. Additionally, many examples of 
initializing certain peripherals are contained elsewhere in this manual where that 
peripheral is described. 

Step 1 : Decide on Reset Stack Pointer and Initial Program Counter 




CSO will function after reset and allow code execution from the boot EPROM-type device. 
The stack pointer and the reset vector will be read from the first locations of the EPROM, 
and the program will execute from EPROM at the initial program counter address offset In 
the EPROM. Although the stack pointer Is initialized, it Is not ready to be used because it 
does not yet point to RAM. 
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step 2: Stay in Supervisor l\/lode 

After a reset, M68000 family CPUs are in supervisor mode. Program accesses are issued 
with tiie supervisor program function code, and data accesses are issued witii the 
supervisor data function code. These function codes are required for some of the 
operations that follow. (In embedded control applications, most users leave the CPU in 
supervisor mode permanently.) 

Step 3: Write the VBR 

Many users initialize the ROM to contain an initial exception vector table. If so, the user 
should write the CPU vector base register (VBR) to point to the starting location of the 
table. (The exception vector table defines where to find the routines that handle interrupts, 
bus errors, traps, etc.) Note, however, that exceptions will not be ready to be handled 
properly until the stack pointer points to addressable RAM. 

Step 4: Write the l\/IBAR 

The module base address register (MBAR), which always exists at a fixed address, 
determines where the 8-Kbyte block of QUICC internal RAM and internal peripherals are 
to be mapped. To put the 8-Kbyte block at $700000, write $00700001 to the MBAR. The 
MBAR must be accessed before any other QUICC internal peripheral or RAM location. 
Remember that the MBAR must be written in a special way as described in the Section 6 
System Integration Module (SIM60). (If multiple QUICCs exist in the system, it may be 
necessary to write the MBARE before writing MBAR.) 

Step 5: Verify a Dual-Port RAIVI Location 

First, verify that the MBAR address was programmed correctly. This can be done by 
testing one of the dual-port RAM locations. Write $33 and $CC to location $700000 and 
verify that these values can be correctly read. Location $700000 is the beginning of the 
QUICC internal RAM. 

Step 6: Is This a Power-Up Reset? 

Next, determine the cause of the reset from the reset status register (RSR). The RSR is 
normally cleared by the user after it is read (ones are written to RSR). If this is not a 
power-up reset, the user may wish to take actions other than the ones listed or notify the 
system of the cause of an unexpected reset to aid in debugging. Many of the following 
steps are only necessary after a power-on reset. See Section 4 Bus Operation for more 
details on the effects of the different types of resets. 

Step 7: Deal with the Clock Synthesizer 

The next step is to set up the clock synthesizer, which is located in the SIM60. The three 
registers that control the clock synthesizer are the CLKOCR, the PLLCR, and the CDVCR. 
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If a low-speed external crystal Is used (such as 32 kHz or 4 MHz), multiply the QUICC 
clock frequency up to the desired speed (e.g., 25 MHz). If an external oscillator is used to 
provide the exact system frequency, then this step is not needed. 

The clock synthesizer has other options, such as SyncCLK and BRGCLK dividers, as well 
as the ability to divide the general system clock frequency. These are used in low-power 
applications. At this time, leave all these options in their default conditions. These options 
should only be enabled when the rest of the application code is in a more stable state. 

As a further protection, the user may set the MSB In the clock synthesizer registers, 
writing all other bits as zero. This will disable further writes to the clock synthesizer 
registers, protecting them from inadvertent accesses by the program during the debugging 
phases. 

Step 8: Initialize System Protection 

The next step Is to protect the system with the bus monitor, double bus fault monitor, and 
software watchdog. The bus monitor and double bus fault monitor should be used during 
Initial debugging. The software watchdog should be disabled at this time if it will not be 
used. 

Step 9: Clear Entire Dual-Port RAM 

After a power-on reset, the Internal dual-port RAM comes up in a random state. The user 
can avoid many potential problems if the entire dual-port RAM is cleared at this time. This 
includes the 1 762 bytes of internal system RAM as well as the 768 bytes of parameter 
RAM. By clearing the entire dual-port RAM, the user can be sure that no feature Is 
accidentally invoked just because it was not initialized. 

NOTE 

It Is critical that the user issue a CP reset command to the CR 
of the CPM after clearing the entire dual-port RAM. The reset 
is required to allow the RISC to reinitialize its internal state 
variables for all serial channels, since these variables are 
stored in the dual-port RAM and are not necessarily initialized 
to zeros. 

Step 10: Write the PEPAR 

The next important action is to configure the rest of the system bus pins by writing to the 
port E pin assignment register (PEPAR) in the SIM60. In this register, the user will make a 
number of choices about which functions are selected on the system bus (e.g., does the 
user want 32 address lines or 28 address lines and 4 write enable lines, etc.). 
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step 1 1 : Remap Chip Select (CSO) 



Up to this point, CSO has been running with many wait st ates and has been mapped to the 
entire address space. It is now time to configure CSO to the proper portion of memory 
controlled by the EPROM and to reduce the number of wait states. This is accomplished 
by writing the global memory register (GMR), option register (ORO), and base register 
(BRO) in the memory controller. Note that the valid bit in the BRO should be set last. 



Depending on the details of the application, most GMR bits do not affect CSO, but it is a 
good idea to set up GMR before enabling any specific chip select on the QUICC. GMR 
programming is discussed more fully in 9.1 Minimum System Configuration and 9.4 
Using the QUICC MC68040 Companion Mode. 

Step 12: Initialize the System RAM 




Ensure that CSO is programmed correctly — at least for these particular execution 
addresses. 

The next step is to configure the system RAM. The address space for the RAM should 
include the address of the stack pointer initialized during reset. (One other option would be 
to point the stack pointer into the QUICC internal RAM; however, this internal RAM will 
probably be used later for serial channel buffer descriptors. Therefore, this idea is 
recommended only for the initial phases of debugging. (See step 3 discussed earlier.) 

Once the system RAM is initialized, it should be tested by the user to see if it exists at all 
intended addresses. 

Step 13: Copy the EVT to System RAM 

The exception vector table (EVT) can be copied to system RAM at this time to allow 
greater flexibility in choosing and modifying the exception vector values. Most embedded 
operating systems require the EVT to be located in RAM. Once the table is copied, the 
VBR should be modified to point to the beginning of the exception vector table in system 
RAM, rather than pointing to ROM. 

Step 14: Initialize All Other Memory and Peripherals 



Initialize the remaining CSx and DRAM RASx pins in the memory controller. Then test 
access to each memory and peripheral in the system. 

If DRAM is used, wait the appropriate time after power-up (usually around 1 00 ^s) before 
accessing the DRAM. Before writing the DRAM, the user normally must make the required 
number of read accesses (usually eight) to the DRAM using the CPU or must wait for the 
DRAM refresh controller to complete that number of refreshes. Other initialization activity 
can proceed while waiting for the DRAM. 
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step 15: Initialize the Rest of thie SIM60 

The next step is to finish initializing the SIIVI60 as desired. In particular, the module 
configuration register (MCR) has a number of "fine-tuning" choices that should be 
initialized. 

Step 16: Generate a SM60 Interrupt 

The next step is to try an interrupt source. The simplest interrupt source on the QUICC to 
try is the periodic Interrupt timer (PIT). It is completely controlled in software. 

To prepare for this interrupt, initialize the PIT registers, but leave the timer disabled until 
everything else is ready. 

First, write the PIRQL0-PIRQL2 bits in the PICR with the desired interrupt level. 
Suggestion: choose interrupt level 1. Do not use level 7 for this interrupt, at least during 
initial stages of debugging. Then write the PIV bits in the PICR to determine the vector. 
Example: write $40 (64 decimal) to choose the first user-defined vector in the exception 
vector table. 

Next, using the VBR value written in a previous step, write the address of the interrupt 
handler into the appropriate vector offset of the exception vector table. For instance, for 
vector number $40 and the VBR pointing to $800000, the interrupt handler address is 
written to $80000100. (The vector number is multiplied by 4 to obtain the offset.) 

NOTE 

The exception vector table may have been located in ROM, in 
which case the PIT vector location should be initialized before 
power-on reset. 

Also, before the interrupt can be processed, the CPU32+ status register (SR) must be 
programmed to change the interrupt mask bits from a value of $7 to a value of $0 (or at 
least a value lower than the interrupt level desired). 

Next, write the PITR bits in the PITR to start the timer and wait for the interrupt. 

Step 17: Test the CPM 

After the SIM60 is programmed, it is time to begin testing the CPM. In order of increasing 
initialization complexity, the following sub-blocks may be tested. See the initialization 
examples Included in this manual where the blocks are described. 

Dual-Port RAM 

Parallel I/O Ports A, B, and C 

Baud Rate Generators 

Four General-Purpose Timers 

RISC Timer Tables 
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IDMA (without buffer chaining) 

SPI (loopbacl< mode test) 

IDi\/lA (with buffer chaining) 

SMCs (loopback mode test) 

SCCs (loopbacl< mode without the time slot assignor) 

SCCs (loopbacl< mode with the time slot assignor) 

The SPI, SMCs, and SCCs should be tested in loopback mode before attempting to send 
and receive data externally. 

Step 18: Generate Interrupts with the CPM 

When testing interrupts on the CPM, the user should Implement this gradually. First, 
generate an interrupt with a timer or parallel I/O pin. Then proceed to more complicated 
interrupt structures like the serial channels. 

Step 19: Enable External Interrupts 

The next step is to allow external devices (i f any) to interrupt the QUICC. These interrupts 
can enter the QUICC through the SIM60 (IRQx pins) or the CPM (parallel I/O pins with 
interrupt capability). 

Step 20: Enable External Bus Masters 

The final step in the initialization is to allow external bus masters (if any) to obtain 
ownership of the system bus. Some of the characteristics of the QUICC bus arbitration 
logic were chosen in the MCR of the SIM60. The user should review these settings before 
continuing with this step. Also, if an external bus master uses QUICC resources such as 
chip selects, the settings of the GMR, BRs, and ORs in the memory controller should be 
reviewed before continuing. 

Step 21 : Off to the Races 

The user has now successfully examined all major features of the QUICC and can embark 
on a quick and successful product development cycle using the QUICC. For applications 
desiring to port code from the MC68302, see 9.3 Porting MC68302 IMP Code to the 
MC68360 QUICC in this manual. 
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9.3 PORTING MC68302 IMP CODE TO THE MC68360 QUICC 

This subsection is designed as a guide for software engineers wlio desire to port software 
written for the MC68302 integrated multiprotocol processor (IMP) to the MC68360 QUICC. 
It discusses the MC68302 on a register-by-register basis and explains programming the 
same functions on the QUICC. 

Although the QUICC contains a number of new features beyond the capabilities of the 
MC68302, the basic architectural approach is the same. Although it will be necessary to 
modify the MC68302 initialization code and, in some cases, the register and bit names, a 
great effort was made to preserve the basic code flow. An example would be the basic 
flow of an interrupt handler or an error handler. Thus, the knowledge that was obtained 
during the development of the MC68302 drivers need not be lost during the port to the 
QUICC. 

9.3.1 CPU and COMPILERS 

The QUICC contains a CPU32+ processor. This processor executes the M68000 code 
that was written on the MC68302; however, if such code was accessing MC68302 
peripherals, it will require some modification. 

Most M68000 compiler vendors also provide a CPU32 compiler. If the application code is 
recompiled using a CPU32 compiler, then an additional performance improvement will 
also be obtained due to the availability of additional CPU32 instructions over and above 
those of the M68000. 

Also, using the QUICC 32-bit data bus mode, provides even further performance 
improvement. This is especially true if the original M68000 code used 32-bit pointers and 
data fields. The best performance improvement will occur when the objects are long-word 
aligned. 

9.3.2 Differences/Similarities 

The 4-Kbyte RAM and peripheral area on the MC68302 is expanded to 8 Kbytes on the 
QUICC. Since the QUICC is an 1MB device, the initialization of the system integration 
module (SIM60) is actually more similar to another IMB-based device, such as the 
MC68340, than it is to the system integration block on the MC68302. The QUICC 
communications features, however, are very similar to those of the MC68302. 

9.3.3 Notes about Porting 

Although the following paragraphs show how to port MC68302 functions to the QUICC, It 
should not be assumed that the port operation will provide a complete initialization of the 
QUICC. The QUICC contains features not available on the MC68302 that may require 
additional initialization. For instance, the QUICC contains an on-chip PLL to generate a 
high-speed system clock frequency from a low-speed crystal, such as a 32-kHz crystal. 
Since this feature is not available on the MC68302, it is not mentioned in this discussion. 
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Refer to 9.2 How To Take a QUICC Software Test-Drive as a guide to complete QUICC 
initialization. 

Although the QUICC was designed to allow a convenient upgrade path from the 
MC68302, this discussion does not guarantee that every MC68302 operation can be 
exactly and precisely duplicated on the QUICC. For instance, when using the serial 
cha nnels , the time between setting the ready bit of a buffer descriptor and the assertion of 
the RTS pin may not be the same on the QUICC as the MC68302. Also, although the 
MC68302 hardware watchdog can be implemented in the QUICC bus monitor, the 
MC68302 maximum timeo ut is 16K clocks; whereas, the QUICC maximum timeout period 
is 1K clocks (before BERR is asserted on the system bus). 

The QUICC offers features that simplify what would otherwise be a more code-intensive 
process. For specific examples, see the INIT TX AND RX PARAMETERS, the 
GRACEFUL STOP TRANSMIT, and the CLOSE BD commands. The user can do a direct 
port using the old commands and techniques; however, the new commands may be used 
in many instances to simplify the application process. 

Additionally, the most direct port to the QUICC will not necessarily take advantage of a 
number new QUICC features. For specific examples, see the dynamic allocation of SCC 
interrupt levels and the buffer descriptor capability of the independent DMA (IDMA) 
channels. Some comments will be made about these features where appropriate. 

9.3.4 How To Port MC68302 Functions 

The following paragraphs detail the different MC68302 functions and how/where to 
implement them on the QUICC. The MC68302 functions are listed in ascending order in 
the MC68302 memory map. 

9.3.4.1 SYSTEI\/I CONFlGURATiON REGISTERS. The following paragraphs describe the 
MC68302 configuration registers. 

9.3.4.1.1 Base Address Register (BAR). This register is most closely related to the 
MBAR on the QUICC: 

The base address field is configured in the BA bits of the MBAR. Be sure to allow 8 
Kbytes In the memory map of the QUICC system at this address. Also, the V-bit of 
MBAR must be set before the contents are valid. 

The CFC bit and FC2-FC0 bits may be duplicated by setting all but one of the AST- 
ASO bits in the MBAR. Note that the MBAR offers many more options since multiple AS 
bits may be simultaneously set. If CFC is zero, leave AS7-AS0 as zeros. 

9.3.4.1.2 System Control Register (SCR). The functions of this register are found in 
various places in the QUICC. 

LPCD, LPEN, LPP16, and LPREC bits implement low-power functions in the MC68302. 
The QUICC allows full operation at low speeds (due to its static design), as well as a 
number of enhanced power reduction options and a special low-power stop instruction 
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(LPSTOP). The user should reference Section 6 System Integration IVIodule (Sfl\A60) 
for full details. 

The HWDCN2-HWDCN0, HWDEN. and HWT bits are used to control and derive status 
from the MC68302 hardware watchdog. This function, called the bus monitor on the 
QUICC, is part of the SIM60. See the BME and BMT1-BMT0 bits in the system 
protection control register (SYPCR). 

The SAM bit is used to control external masters that access the MC68302. This function 
is controlled in the SIM60 by the BSTM bit in the module configuration register (MCR). 

The FRZ2-FRZ1 and FRZW bits control freeze operation. In the QUICC, more freeze 
options are available. See the freeze bits in the MCR of the SIM60, the SOMA 
configuration register (SDCR), timer global configuration register (TGCR), and the IDMA 
channel configuration register (ICCR) of the CPM. 

The BCLM bit and I PA bits are used to allow the M68000 core to give all interrupts 
higher priority than external bus masters. In the QUICC, this function can be refined to 
just a range of interrupt levels. See the BCLRISM2-BCLRISM0 bits in the MCR. 



The ADCE and ADC bits determine the result (such as a BERR assertion) of an overlap 
in the chip select ranges. This function is not available on the QUICC. 

The EMWS bit adds an additional wait state for external masters that are accessing the 
MC68302 in a synchronous fashion and adds a wait state when external masters use 
MC68302 chip selects. This function is implemented in the DW40 and EMWS bits of the 
global memory register (GMR) in the QUICC memory controller. 

The RMCST bit determines the M68000 bus functionality during the TAS instruction and 
gives the option of exact MC68000-bus compatibility on the MC68302. On the QUICC, 
this function is not required since an M68030-type bus is used. 

The MC68302 WPVE and WPV bits are used to determine the result (such as a BERR 
assertion) of a write operation to a read-only chip select. See the WPER bit In the 
memory controller status register (MSTAT) for the QUICC definition. 

The VGE bit allows the MC68302 to generate vectors for interrupt acknowledge cycles 
while in slave mode. Wi th QU ICC in slave mode, all internal interrupts generate vectors. 
For Interrupts using the IRQx pins, this dec ision is b ased on the autovector register. 
Either a vector is placed on the bus, or the AVECO pin is asserted (which can be 
ignored). 

The ERRE bit is used with the DRAM refresh controller on the MC68302. The QUICC 
contain^s a full DRAM controller that does not require the assistance of the RISC 
controller; therefore, this bit is not implemented in the QUICC. 

The other status bits in this register were already discussed. 

9.3.4.2 SYSTEIVI RAIVI. The QUICC contains 2560 bytes of dual-port RAM rather than 576 
bytes. Both the MC68302 and the QUICC split the dual-port RAM into two parts: user data 
RAM and parameter RAM. 

The user data RAM of the QUICC may be used in the same way it is used in the 
MC68302. However, on the QUICC, it has one major additional feature — it may be used to 
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store buffer descriptors for serial data. (In fact, the QUICC has no special location for 
buffer descriptors in the dual-port RAi\/l. They may be mapped anywhere.) Thus, the user 
should plan on the user data RAM being used for buffer descriptors, in addition to 
whatever the RAIVI was being used for in the MC68302 application. 

The parameter RAM of the MC68302 is very similar to the parameter RAM on the QUICC, 
except that there Is no special location for buffer descriptors on the QUICC. This gives the 
user the ability to choose the location and number of buffer descriptors for each serial 
channel. 

The specific protocol parameter area of the MC68302 is available on the QUICC. On the 
QUICC there are four such areas; whereas, on the MC68302 there are only three. Like the 
MC68302, each specific protocol parameter area is comprised of two parts— a protocol 
independent part that is common to all SCCs, regardless of their protocol, and a protocol 
specific part that is unique to each SCC, based on the protocol. 

On the MC68302, the SMCs and SOP were given special locations for buffer descriptors 
and parameter areas. On the QUICC, the SMCs and SPI are controlled like the SCCs, 
with buffer descriptors that may be located anywhere in the user RAM, and with a specific 
protocol parameter RAM. In fact, all the QUICC SCCs, SMCs, and SPI have a common 
subset of parameter RAM. 

The following description will discuss the buffer descriptors, protocol-independent 
parameter RAM, and protocol-dependent parameter RAM for the MC68302 and the 
QUICC. 

9.3.4.2.1 Buffer Descriptors. The buffer descriptors for the MC68302 and the QUICC are 
essentially the same. 

The status and control field is a 16-bit field on both the MC68302 and the QUICC. All 
bits are in their original positions with the following exceptions: the X-bit is removed, 
since the determination of an Internal or external address Is made by the full address 
decoding on the QUICC. The user may still set this bit location without harm. In UART 
mode, the PM and A bits had to be moved. In BISYNC mode, the B-bit had to be 
moved. Additional status and control bits were added on the QUICC in previously 
unused bit positions. 

The data length field is identical between the MC68302 and the QUICC. 

The data buffer pointer is the same between parts; however, on the QUICC, all 32 bits 
are used. Additionally, if the receive FIFO is set to 32-bit-wide mode, then the data 
buffer pointer must be aligned to a long word. 

9.3.4.2.2 Protocol-Independent Parameter RAM Values. These values are very similar 
on both devices. 

The RBASE and TBASE values are new to the QUICC. They point to the start of the 
buffer descriptor tables, must be long-word aligned, and must point to the dual-port 
RAM area. 

The RFCR and TFCR registers have one additional purpose and a different bit 
placement on the QUICC. If RFCR and TFCR are cleared on the MC68302 or not used 

9-22 MC68360 USER'S MANUAL MOTOROLA 



with the MC68302, then the equivalent function on the QUICC can be implemented by 
writing $18 to the QUICC RFCR and TFCR. Note that on the QUICC there is an 
additional function code pin to signify DMA operation, and the suggestion of $18 uses 
this capability. 

The MRBLR value has the same function on both devices. Additionally, if the receive 
FIFO Is set to 32-bit-wide mode, the MRBLR value must be aligned to a long word. 

The Internal state parameter has the same function on both devices. 

The MC68302 RBD# and TBD# have the same concept on the QUICC, except the 
parameters are called RBPTR and TBPTR and are now 1 6-blt values. They point to the 
current buffer descriptor; however, they are now offsets from the beginning location of 
the QUICC dual-port RAM. For example, the current transmit buffer descriptor location 
may be found by MBAR + TBPTR. 

The internal data pointer parameter has the same function on both devices. 

The internal byte count parameter has the same function on both devices. 

9.3.4.2.3 Protocol-Dependent Parameter RAM Values. These values are very similar 
between devices, although new functions are often added on the QUICC. Where possible, 
any parameter for a given protocol that is the same for the MC68302 and the QUICC 
carries the same name on both devices. 

The following points note changes between the MC68302 and the QUICC protocol- 
dependent parameter RAM for a given protocol: 

In the UART mode, if the MAXJDL entry Is programmed to $0000 on the QUICC, the 
function will be disabled. 

In the UART mode, the ability to send special control characters, such as XOFF, no 
longer requires the CHARACTERS entry. Rather, a new entry, called the TOSEQ entry, 
has been created. The programming of the TOSEQ entry, however, is the same as the 
old MC68302 CHARACTERS entry. 

In UART mode, note the new parameters for a receive character mask (RCCM) and a 
function that times the length of a receive break (BRKLN). 

The HDLC parameter RAM is the same, except for two new entries: RFTHR and 
RFCNT. They allow the user to reduce the number of received frame interrupts 
generated, and should be used in higher data rate applications. 

\he BISYNC parameter RAM is unchanged. 

DDCMP is a microcode RAM product on the QUICC. The port of DDCMP from the 
MC6S302 is not discussed. 

V.1 10 is not supported on the QUICC. 

For the transparent protocol, neither the MC68302 nor the QUICC requires parameter 
RAM for Its implementation. The QUICC, however, offers the new feature of allowing 
CRCs to be generated and checked on transparent frames. In that case, the QUICC's 
transparent parameter RAM must be initialized. 
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9.3.4.3 INTERNAL REGISTERS (SYSTEM INTEGRATION BLOCK). Both the MC68302 
and the QUICC have a number of internal registers. The following paragraphs detail the 
registers according to their ascending order In the MC68302 memory map. Note that the 
address offsets of these registers on the QUICC are different from the address offsets on 
the MC68302. 

IDMA 

The MC68302 CMR Is closely related to the QUICC CMR. 

The STR, RST, and BT bits are the same on both parts. 

The DSIZE bits are compatible, but on the QUICC, an encoding exists for long-word 
size. 

The DAPI, SAPI, and REQG bits are the same. 

INTE and INTN are, in effect, moved to the CMAR, but more control Is given to the user. 

ECO Is In bit 15 of the QUICC CMR. 

The QUICC CMR contains new functions In the RCI, S/D, and SRM bits. 

SAPR on the MC68302 Is Identical to SAPR on the QUICC. 

DAPR on the MC68302 Is Identical to DAPR on the QUICC. 

OCR on the MC68302 Is increased to 32 bits on the QUICC. 

CSR on the MC68302 Is extended on the QUICC. 
The DONE, BED, and BES bits are the same on both parts. 
The DNS bit Is not needed on the QUICC. 
The QUICC additionally contains the OB and BRKP bits. 

The QUICC contains a CMAR that is not available on the MC68302. 

The FOR Is the same on both parts, except that the QUICC has a provision for four 
function code lines; whereas, the MC68302 only has three. 

INTERRUPTS 

The GIMR on the MC68302 Is most closely related to the QUICC CICR and AVR. 
The V7-V5 bits become the VBA2-VBA0 bits. 



The E T1 , ET6, and ET7 bits control the edge/level sensitivity of the IRQ1 , IRQ6, and 
IRQ7 pins on t he MC 68302. On the Q UICC, these pins are handled by the SIM60. On 
the SIM60, all IRQx pins except IRQ7 are level sensitive. These bits do not exist on the 
QUICC. 

The IV1 , IV6, and IV7 bits are most closely related to the AV1 , AV6, and AV7 bits of the 
AVR In the SIM60. 

The MOD bit does not exist on the QUICC. On the QUICC, the dedicated mode Is used. 
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On the QUICC, new functions are available in the CICR such as a choice of the CPIVI 
Interrupt level, a choice of the way the SCC Interrupts are grouped, and a choice of the 
highest priority CPIV1 interrupt source. These functions were not available on the 
MC68302. 

The MC68302 IPR is increased to 32 bits and is called the CIPR on the QUICC. On the 
QUICC, the SIM60 can generate interrupts without using the CIPR. 

The MC68302 IMR is increased to 32 bits and is called the CIMR on the QUICC. 

The MC68302 ISR Is increased to 32 bits and Is called the CISR on the QUICC. 

PARALLEL I/O PORTS 

The parallel I/O pin assignment is different on the QUICC, but the three basic register 
types are carried over intact. The QUICC has three I/O ports (A, B, and C); whereas, the 
MC68302 has two (A and B). 

The PxCNT control register on the MC68302 is the PxPAR on the QUICC. 

The PxDDR data direction register is the same on both devices. 

The PxDAT data latch and input register is the same on both devices. 

On the QUICC, some of the parallel ports have an open-drain register, PxODR, which 
allows a port pin to be configured as an open-drain pin. 

CHIP SELECTS 

The MC68302 contains four base registers (BRx) and four option registers (ORx) to 
control the chip selects. The QUICC contains a global memory register (GMR), a memory 
status register (MSTAT), eight base registers (BRx), and eight option registers (ORx). The 
GIVIR would normally be Initialized first on the QUICC. Also, the QUICC chip selects 
contain many enhancements over the MC68302 chip selects not discussed here. 

The MC68302 BRx register most closely corresponds to the QUICC BRx. 

The EN bit becomes the V-bit in the QUICC BRx. 

The RW bit in the BRx and the MRW bit In the ORx of the IVIC68302 become the WP bit 
on the QUICC BRx. On the QUICC, the choice exists for asserting the chip select for 
reads and writes (WP = 0) or just reads (WP = 1 ). 

The MC68302 base address bits A23-A13 are found in BA31-BA1 1 of the BRx on the 
QUICC. Note that the QUICC provides support for 32-bit address recognition (BA31- 
BA24 are new) as well as support for smaller starting address sizes (BA12-BA1 1 are 
new), giving the ability to begin a block on a 2K address boundary, rather than 8K on 
the MC68302. To transfer a starting address from the MC68302 to the QUICC, set any 
bit in BA23-BA13 that was set in A23-A13, and clear BA31-BA24 and BA12-BA1 1 . 

The three function code (FC2-FC0) bits become the four function code (FC3-FC0) bits 
of the QUICC ORx. 
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The MC68302 ORx register most closely corresponds to the QUICC ORx. 

The CFC bit is implemented as the FCM3-FCM0 bits on the QUICC ORx. This gives 
more flexibility in determining the function codes that cause the chip select to activate. If 
the MC68302 CFC bit was cleared, then clear FCM3-FCM0 on the QUICC. Also, to 
match MC68302 behavior, clear the NCS bit in the QUICC GMR. 

The MRW bit in the ORx and the RW bit In the BRx of the MC68302 simply become the 
WP bit on the QUICC BRx. On the QUICC, the choice exists for asserting the chip 
select for reads and writes (WP = 0) or just reads (WP = 1 ). 

The MC68302 base address mask bits A23-A13 become the AM27-AM1 1 bits in the 
QUICC ORx. Note that this allows both larger and smaller block sizes than what the 
MC68302 provides. To transfer a block range, take bits A23-A13 of the MC68302 and 
write them to AM23-AM13. Then set AM32-AM24 and clear AM12-AM1 1 . 

The three MC68302 DTACK bits become the four TCYC3-TCYC0 bits of the QUICC 
ORx. Note that the maximum number of wait states is Increased from 6 to 15 on the 
QUICC. 

TIMERS 

The MC68302 contains two general-purpose timers. The QUICC contains four general- 
purpose timers, which are the same as the MC68302 timers, but slightly enhanced. The 
QUICC also contains a timer global configuration register (TGCR), which allows all four 
timers to be enabled simultaneously and allows the timers to be internally cascaded into 
32-bit timers. 

The MC68302 TMRx register most closely corresponds to the QUICC TMRx. 

The RST bit is now located in the QUICC TGCR. 

The ICLK bits are still in the same location of the QUICC TMR. The bit encodings are 
the same except for 00 combination, which is now implemented by the EN bit in the 
QUICC TGCR. 

The FRR bit is still in the same location of the QUICC TMR. 

The ORI bit is still in the same location of the QUICC TMR. 

The OM bit Is still in the same location of the QUICC TMR, but the meaning of OM = 
mode can be different. The active-low pulse can be longer than on the MC68302, 
depending on the frequency of the input clock source. 

The CE bits are still in the same location of the QUICC TMR. 

The PS bits are still in the same location of the QUICC TMR. 

The MC68302 TRRx register is the same as the QUICC TRRx. 

The MC68302 TCRx register Is the same as the QUICC TCRx. 

The MC68302 TCNx register is the same as the QUICC TCNx. 

The MC68302 TERx register Is the same as the QUICC TERx. 
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WATCHDOG TIMER 

The MC68302 timer 3 is calied tlie watchdog timer. This software watchdog timer must be 
sen/iced periodically or can be used to generate a system reset. The software watchdog 
timer on the QUICC exists In the SIM60. It corresponds to the software watchdog 
available on other members of the MC68300 family. 

The WRR and WCN on the MC68302 do not have direct counterparts on the QUICC. To 
program the software watchdog on the QUICC, the user should initially program the 
SYPCR, the SWIV (optional), and service the software watchdog using the SWSR. 
Additionally, an indication of a software watchdog reset may be found in the RSR. 

9.3.4.4 INTERNAL REGISTERS (COMMUNICATION PROCESSOR). The following 
paragraphs detail the registers associated with the communications processor, according 
to their ascending order in the MC68302 memory map. Note that the address offsets of 
the QUICC registers are different than the offsets on the MC68302 registers. 

The 8-bit command register (CR) also exists on the QUICC, but it is expanded to 16 bits. 

The FLG bit still exists in the same location of the QUICC CR. 

The two CH NUM bits have been shifted to bit locations 7 and 6 and expanded to four 
bits rather than two (bits 6 and 5 also), since more peripherals may now receive 
commands. If bits 6 and 5 are cleared, the SCC channel number encodings are 
compatible from the l\/IC68302 to the QUICC. 

The two OPCODE bits have been increased to four bits, shifted left in the register, and 
redefined to include many more commands. However, the original commands available 
on the MC68302 are still available. 

The RST bit is shifted to become bit 15 of the QUICC CR. To reset the MC68302, the 
value $81 was issued to the CR. To reset the QUICC, the value $8001 is issued to the 
CR. 

sees 

The MC68302 SCC registers are mapped to the QUICC as follows. 

The SCONx register controls the clocking scheme and baud rates of the MC68302 SCCs. 
On the QUICC, four independent baud rate generators that are not associated with 
specific SCCs are available. Therefore, this register is implemented in the QUICC baud 
rate generator and is called the BRGC. Note that the BRGC contains new bits, including a 
reset bit and an enable bit. 

The DIV4 bit is now a divlde-by-16 option and is implemented in the DIV16 bit of the 
QUICC BRGC. 

The CD10-CD0 bits become CD1 1-CDO and are located in the QUICC BRGC. 

The RCS bit is implemented in the bank of clocks control in the three RxCS bits of the 
QUICC serial Interface clock route register (SICR). Note that many more options are 
now available. 
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The TCS bit is implemented in the banl< of clocl<s control in the three TxCS bits of the 
QUICC SICR. Note that many more options are now available. 

The EXTC bit becomes the EXTC1-EXTC0 bits in the BRGC. Note that more options 
are now available. For compatibility, if the EXTC bit was cleared, then the EXTC1- 
EXTCO bits should also be cleared. 

The WOMS bit gives the MC68302 wired-OR capability on the serial transmit data pin. 
This can now be implemented (as well as other wired-OR capability) in the QUICC 
PxODR registers, which can configure a pin to operate as wired-OR, regardless of 
whether it is connected to the SCC. 

The SCM register is implemented using the general SCC mode register (GSMR) and the 
protocol-specific mode register (PSMR). One GSMR and one PSMR exist for each SCC. 
The definition of the PSMR differs based on the protocol used. 

The two MODE bits have been expanded to four MODE bits in the GSMR to include the 
new protocols that the QUICC provides. 

The ENT bit still exists, but is shifted two bit positions left in the GSMR. 

The ENR bit still exists, but is shifted two bit positions left in the GSMR. 

The DIAG bits still exist on the QUICC but are shifted left two positions. Normal 
operation = 00, loopback = 01 , and automatic echo = 10 still exist on the QUICC. 
Software operation = 11 is now implemented by programming the PCPAR, PCDIR, 
PCODR, and POINT in the port C parallel I/O section. The new structure for software 
operation is much more flexible than on the MC68302 and provides hardware-updated, 
accurate, real-time status. Since the software operation combination is not needed In 
the QUICC DIAG bits in the GSMR, this combination is used to support a new feature, 
simultaneous loopback and echo. 

The rest of the SCM bits differ based on protocol and are discussed in the following 
paragraphs by protocol. 

The UART mode register is now implemented using the GSMR and the PSMR. One 
GSMR and one PSMR exist for each SCC. The definition of the PSMR differs based on 
the protocol used. 

The SL bit is located in the PSMR. 

The RTSM bit is located in the GSMR. 

The CL bit becomes two bits In the PSMR for more character length options. 

The FRZ bit is located in the PSMR. 

The UM bits are located in the PSMR. Note that the 10 combination for asynchronous 
DDCMP Is now reserved. 

The PEN bit is located in the PSMR. 

The one RPM bit becomes two RPM bits in the PSMR for more receive parity options. 

The TPM bits remain the same and are located In the PSMR. 
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The HDLC mode register is implemented using the GSiVIR and the PSMR. One GSIVIR 
and one PSIVIR exist for each SCC. The definition of the PSMR differs based on the 
protocol used. 

The ENC bit becomes the TENC and RENC bits in the GSIVIR. Note that the QUICC 
contains many more data encoding options. 

The FLG bit becomes the RTSM bit in the GSMR. 

The RTE bit is located in the PSMR. 

The FSE bit Is located In the PSMR. 

The C32 bit becomes the two CRC bits in the PSMR. If C32 = 0, then Initialize CRC to 
00. If C32 = 1 , then Initialize CRC to 10. 

The NOP bits are located In the PSMR. 

The BISYNC mode register is implemented using the GSMR and the PSMR. One GSMR 
and one PSMR exist for each SCC. The definition of the PSMR differs based on the 
protocol used. 

The ENC bit becomes the TENC and RENC bits in the GSMR. Note that the QUICC 
contains many more data encoding options. 

The SYNF bit becomes the RTSM bit In the GSMR. 

The RBCS bit Is located In the PSMR. 

The RTR bit is located in the PSMR. 

The BCS bit becomes the two CRC bits in the PSMR. If BCS = 0, initialize CRC to 1 1 . If 
BCS = 1, Initialize CRC to 01. 

The REVD bit becomes the RVD bit in the PSMR. Note that the RVD bit In the PSMR is 
not the same as the REVD bit In the GSMR. 

The NTSYN bit should not have been set in BISYNC mode, and therefore is not ported. 

If the EXSYN bit was set, the CDP and CTSP bit in the GSMR should be set for 
compatibility. The user may also wish to leave the CDS and CTSS bits cleared in the 
GSMR. 

The PM bit becomes the TPM and RPM bits In the PSMR. Note that more parity options 
are now available. 

NOTE 

The SYNL bits in the GSMR were added to offer more 
synchronization options than are available on the MC68302. 

The DDCMP mode register Is a microcode RAM product on the QUICC. The port of 
DDCMP from the MC68302 Is not discussed in this section. 

The V.1 1 mode register Is not supported on the QUICC. 
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The transparent mode register is implemented using the GSIVIR and the PSIVIR. One 
GSIVIR and one PSMR exist for each SCC. The definition of the PSIVIR differs based on 
the protocol used. 

The REVD bit is located in the GSMR. 

The NTSYN bit becomes the TTX and TRX bits in the GSMR. On the QUICC the user 
can independently enable the totally transparent protocol to work on the receiver or 
transmitter while another protocol (such as HDLC) runs on the transmitter or receiver. 

If the EXSYN bit was set, the GDP and CTSP bit in the GSMR should be set for 
compatibility. The user may also wish to leave the CDS and CTSS bits cleared in the 
GSMR. The user may wish to set the RSYN bit in the GSMR to remain compatible with 
the MG68302. 

NOTE 

The SYNL bits in the GSMR were added to offer more 
synchronization options than are available on the MC68302. 
Additionally, a CRC may be generated in transparent mode 
using the TCRC bits. 

The data synchronization register (DSR) is also available on the QUICC. When used in 
UART mode to generate fractional stop bits, the user should note that the encodings have 
changed slightly. 

The SCC event register (SCCE) is also available on the QUICC, but the register now has 
10 bit positions to include new bit functions. The configuration of this register depends on 
the protocol mode. 

In UART mode, the RX, TX, BSY, OCR, BRK, and IDL bits exist unchanged. The CD 
and GTS bits are no longer needed because the interrupt controller supports a separate 
vector for each event. 

In HDLC mode, the RXB, TXB, BSY, RXF, TXE, and IDL bits exist unchanged. The CD 
and CTS bits are no longer needed because the interrupt controller supports a separate 
vector for each event. 

In BISYNC mode, the RX, TX, BSY, RCH, and TXE bits exist unchanged. The CD and 
CTS bits are no longer needed because the interrupt controller supports a separate 
vector for each event. 

DDCMP is a microcode RAM product on the QUICC. The port of DDCMP from the 
MC68302 is not discussed in this section. 

V. 110 is not supported on the QUICC. 

In totally transparent mode, the RX, TX, BSY, RCH, and TXE bits exist unchanged. The 
CD and CTS bits are no longer needed because the interrupt controller supports a 
separate vector for each event. 

The SCC mask register (SCCM) is also available on the QUICC, but the register now has 
10 bit positions to include new bit functions. The configuration of this register depends on 
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the protocol mode. Since the SCCM has the exact format as the SCCE, see the preceding 
SCCE description for details. 

The sec status register (SCCS) is also available on the QUIC C. The configuration of this 
register depends on the protocol mode. In all cases, the CTS and CD bits are available in 
the PCDAT register, which allows the user to read the current value of these signals 
directly from the pins. Additionally, the ID bit is available in the QUICC SCCS register In 
UART and HDLC modes. 

NOTE 

New status functions are available in the QUICC SCCS, such 
as whether the HDLC controller is currently receiving flags and 
the DPLL carrier sense status. 

The 16-bit SPMODE register consists of two halves: the 8-bit SMC mode register and the 
8-bit SCR mode register. 

The SMCs on the QUICC are much more similar to the SCCs on the MC68302. To port an 
ISDN (GCI or I0M2) application to the QUICC that uses the MC68302 SCCs, the user 
should use the features provided in the serial interface and SMC. 

The QUICC does not contain special support for IDL in the SMCs because IDL no longer 
uses the A or M bits, but rather uses an out-of-band control bus called the SCR. On the 
QUICC, the SCR function may be implemented with the SRI. 

NOTE 

On the QUICC, the two SMCs can also provide a UART or 
totally transparent control function. 

The SCR on the QUICC is enhanced to full serial peripheral interface (SRI) functionality. 
The SRI Is found on many Motorola devices, such as the MC68HC11. The 8-bit SCR 
mode register is most closely related to the 16-bit SRI mode register (SRMODE) on the 
QUICC. 

The EN bit is in the SRMODE register. 

The RM3-RM0 bits are located in the SRMODE register. 

The CI bit is located in the SRMODE register. 

The LOOR bit is located in the SRMODE register. 

The STR bit becomes the R-bit of the SRI transmit buffer descriptor. The buffer 
descriptor structure of the SRI is like that of the SCCs. 

The SIMASK register on the MC68302 is used in GCI and IDL modes to select individual 
bits of the B-channels to be routed to particular SCCs. On the QUICC, the serial interface 
has a time slot assignor that is much more flexible and can be used in any time division 
multiplexed (TDM) interface, not just GCI and IDL. The time slot assignor on the QUICC is 
programmed using a feature called the serial interface RAM. See 7.8.4 SI RAM. 
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The SIMODE register on the MC68302 controls the serial interface. On the QUICC, the 
serial interface control is greatly enhanced and is comprised of the serial interface RAM, 
the serial interface global mode register (SIGMR), the serial interface mode register 
(SIMODE), the serial interface clock route register (SICR), and the serial interface 
command register (SIGMR). 

The MS bits select the serial interface mode on the MC68302: NMSI, IDL, GCI, and 
PCM highway. On the QUICC, the choice is simply to enable or disable the time slot 
assignor. Once the time slot assignor is enabled, it may be programmed in the SI RAM 
to implement IDL, GCI, PCM highway, and many other options. Additionally, on the 
QUICC, two TDM interfaces are simultaneously available, not just one. Thus, on the 
QUICC, the MS bits effectively become the two enable bits, ENa and ENb, in the 
SIGMR. 

The MSC2 and MSC3 bits are generalized on the QUICC to the SC bits in the SICR. On 
the QUICC, one SC bit exists for each SCO. 

The DRB and DRA bit functions are implemented by programming the QUICC SI RAM. 

The B1 RB and B1 RA bit functions are implemented by programming the QUICC SI 
RAM. 

The B2RB and B2RA bit functions are implemented by programming the QUICC SI 
RAM. 

The SDC1 and SDC2 bit functions as well as many other options are implemented by 
programming the QUICC SI RAM. Note that four strobe outputs are available on the 
QUICC, not just two. 

The two SDIAG bits are located in the QUICC SIMODE register and are renamed the 
SDM bits. Furthermore, on the QUICC, two sets of SDM bits exist to support TDMa and 
TDMb. 

The SYNC bit function is implemented by programming the QUICC SI RAM. 

The SCIT bit function is called the GM bit in the QUICC SIMODE register, and is 
available on both TDMa and TDMb. 

The SETZ bit function is called the STZ bit in the QUICC SIMODE register, and is 
available on both TDMa and TDMb. 

NOTE 

The QUICC does not require the use of the L1SY0 and L1SY1 
pins to synchronize the SCO to a given time slot. This is now 
handled by the time slot assignor using an external frame sync. 
Thus, the QUICC contains other programming options to 
specify the desired behavior of the frame sync and the 
associated external clocks. Examples are the FE, CE, CRT, 
DSC, and FSD bits in SIMODE. 



9-32 MC68360 USER'S MANUAL MOTOROLA 



9.4 USING THE QUICC MC68040 COMPANION MODE 

The following paragraphs describe how to increase the performance of a QUICC-based 
system by using an MC68EC040 to replace the CPU32+ core on the QUICC. When the 
CPU32+ core on the QUICC is disabled, the QUICC is in slave mode. In slave mode, 
another external processor may be used instead of the on-chip CPU32+ core. The 
QUICC, however, has special features for providing a glueless interface to an external 
MC68EC040 (or other M68040 family member). This mode is called MC68040 companion 
mode. 

The following paragraphs discuss both the hardware and software issues concerning this 
solution in a system that contains one MC68EC040 and one QUICC. It is also possible to 
interface more than one QUICC to an l\/IC68EC040. This topic is discussed briefly in 
paragraph 9.4.19 Interfacing Multiple QUICCs to an l\/IC68EC040. 

9.4.1 MC68EC040 to QUICC Interface 

The following paragraphs discuss the hardware and software issues relating to the 
connection between the MC68EC040 and the QUICC. The features of the QUICC that 
may be used to assist the MC68EC040 are also detailed. Reference Figure 9-8 during this 
discussion. 

9.4.1.1 IVIC68EC040 READS AND WRITES TO QUICC. The basic connection is made 
through the data and address bus. All 32 data lines are routed between devices, which is 
required for the connection. In slave mode, the QUICC is not allowed to use its 16-bit data 
bus mode. 

Twenty-eight address lines are routed between devices, giving a 256-Mbyte shared 
address capability. It is possible to share all 32 address lines between devices, but the 
QUICC would then lose its write enable lines (WE3-WE0). These lines are very useful in 
memory interfaces, and are used In this application. 

In the l\/IC68040 companion mode, the QUICC provides a number of signal changes to 
accommodate the MC68EC040. These changes allow direct connection between the 
MC68EC040 and the QUICC. These QUICC ^nals carry the same names as the 
comparable MC68EC04 sign al: transfer start (TS), transfer acknowledge (TA), transfer 
exception acknowledge (TEA), transfer burst inhibit (TBI), transfer type (TT1-TT0), and 
transfer mode (TM2-TM0). 

In addition, the QUICC R/W and SIZ1-SIZ0 signals that are used in all configurations are 
directly connected to the MC68EC040. When the MC68EC040 begins an access, the 
QUICC interprets the SIZx pins, using the MC68EC040 encoding rather than the QUICC 
encoding. 




MOTOROLA MC68360 USER'S MANUAL 9-33 




LEGEND: 
O = Pullups required (<= 10K) 
& = Pullups recommended (<= 10K) 
# = Rundowns recommended (<= 10K) 



Figure 9-8. MC68EC040 to QUICC Interface 
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9.4.1.2 CLOCKING STRATEGY. In this application, the system clock is generated from a 
25-MHz external oscillator into the QUICC. The MODGKx pins are configured for this. The 
QUICC internal PLL then multiplies the frequency by 2, and outputs 25 MHz on CLK01 
(not used) and 50 MHz on CLK02 (with minimal skew between EXTAL, CLK01, and 
CLK02). Minimal skew is very Important in this application. 

The oscillator is connected to the MC68EC040 BCLK, and the QUICC EXTAL and CLK02 
are connected to the MC68EC040 PCLK. Why not connect the oscillator to the QUICC 
EXTAL pin and connect the QUICC CLK01 to the MC68EC040 BCLK? The answer is that 
the CLK01 signal does not oscillate while the PLL is locking during power-on reset, and 
the MC68EC040 needs continuous clocks, even during reset. (CLK02, however, does 
oscillate at the EXTAL frequency during power-on reset.) Thus, this solution provides 
continuous clocks to the MC68EC040 at all times. 

An external low-frequency crystal cannot be used in this design because the CLK01 and 
CLK02 pins will stop oscillating while the PLL relocks, which would occur when the 
software writes to the PLL to multiply the system frequency up to 25 MHz. This would 
violate the MC68EC040 minimum operating frequency requirement of 1 6 MHz. 

The QUICC clocking section allows for the clock oscillator to be kept running through the 
VDDSYN pin in a power-down situation. Low-power modes should not be used in this 
design due to the MC68EC040 requirement of a minimum operating frequency of 16 MHz. 

9.4.1.3 RESET STRATEGY. If a QUICC is configured to provide the global ch ip select, it 
will also provide an internal power-on r eset g eneration. Thus, the RESE T pin of the 
QUICC just needs to be connected to the RSTI pin on the MC68EC040. The RSTO pin on 
the MC68EC040 is not used in this design; thus, the MC68040 RESET instruction will 
have no effect. (It could be a dded by usi ng an external reset circuit to reset the 
MC68EC040 and to connect the RSTO to the RESET pin on the QUICC through an open- 
drain gate.) If a pu shbutton s witch Is needed, it can be connected by an open- drain buffer 
to the hard reset (RESETH) line, once debounced. The soft reset (RESETS) line is not 
used in this design. It could be used to reset the QUICC without resetting the parallel I/O 
pins, chip selects, etc. 

9.4. 1.4 IN TERRUPTS. External interrupts may be brought into the QUICC through either 
the IRQx pins or parallel I/O pins. The QUICC prioritizes these interrupts with its own 
internally generated interrupts (e.g., timers) to obtain the current highest pending request 
In slave mode, the QUICC can output this request to another processor in the system. 

NOTE 

When the QUICC is in slave mode, the user should not use an 
IRQx pin that is on an interrupt level occupied by either the 
CPM, periodic Interrupt timer, or sofware watchdog. 




The request ca n take the form of a single request pin (RQOUT) or three request pins 
(IOUT2-IOUT0) that enco de t he prio r ity of t he request. Since the MC68EC040 uses 
encoded inputs (IPL2-IPL0), the IOUT2-iOUT0 pins are chosen. 
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NOTE 

If the MC68040 were used rather than the MC68EC040, the 
IPL2-IPL0 pins take on meanings during reset to determine 
the buffer strength. Thus, additional logic may be required 
during reset to select the desired buffer strength of the 
MC68040. This logic does not exist on the MC68EC040 
(except on very early versions of that device). 



In addition, the QUICC allows the IOUT2-IOUT0 pins to be generated in two different 
ways: at the expense of parity pins or at the expense of some interrupt requests. In this 
application, parity is used with some of the external memories; thus, three of the interrupt 
Inputs are sacrificed. 

Once the MC68EC040 recognizes the Interrupt, It responds with an interrupt acknowledge 
cycle. The QUICC recognizes the MC68EC040 Interrupt acknowledge cycle using the 
address pins, TT1-TT0 pins (they are b oth high), and the TM2-TM0 pins (which output 
the Inverse of the value on IPL2-IPL0). If the source of the interrupt is the CPM, the 
periodic interrupt timer, or the software watchdog, t he Q UICC responds by placing the 
vector on the bus. If the source of the Interrupt Is an IRQxpin, the QUICC then responds 
by placing the vector on the bus or by outputting the AVECO signal to the MC68EC040, 
depending on what was programmed into the autovector register in the SIM60. 




When th e QUICC is in slave mode, what is normally the AVEC pin (an input) becomes the 
AVECO pin (an output) for use with external processors. 

9.4.1.5 BUS ARBITRATION. When the QUICC is configured to MC68040 companion 
mode, the QUICC bus arbitration pins are configured to directly interface to those of the 
MC68EC040. The QUICC bus request (BR) is an input from the MC68EC040, and the 
QUICC bus grant (BG) is an output to the MC68EC040. The QUICC also has a bus busy 
(BB) function to match that of the MC68EC040. 



The MC68EC040 LOCK pin can be connected to the QUICC to allow MC68EC040 locked 
cycles to conti nue wit hout interruption from the QUICC. The CONFIGO pin on the QUICC 
becomes the LOCK input to the QUICC after sy stem reset when the QUICC is In 
MC68040 companion mode. Sin ce the MC68EC040 LOCK pin is inactive high, it may be 
connected directly to the QUICC LOCK pin with a puliup resistor. 

The BR input from the MC68EC040 is n ot the hig hest priority In this system. The SOMA 
channels have a higher priority. Thus, the BCLRO function of the QUICC is not used in this 
design because it Is not needed. 



The QUICC also has a BCLRI signal that all ows inte rnal masters to be cleared off the bus. 
This pin can be used with the MC68EC040 IPEND pin to give the MC68EC040 Interrupts 
priority over the QUICC Internal masters. This function Is not impleme nted in th e design 
for the sake of simplicity and use of th e altern ate function of the pin, the RAS1 DD function. 
However, If It were implemented, the IPEND signal from the MC68EC040 would have to 
be latched and kept low by the MC68EC040 until completion of the interrupt routine. (If It 
was not latched, the QUICC could take the bus back from the MC68EC040 as soon as the 
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interrup t acknow ledge c ycle was complete, which defeats the purpose of connecting the 
IPEND pin to the BCLRI pin.) 

When the QUiCC does not need the bus, it will assert the BG pin to the MC68EC040 
continually. Improving the MC68EC040 memory access performance. 

9.4.1.6 BREAKPOINT GENERATION. In MC68EC040 companion mode, the QUICC can 
be used to generate a breal<point signal using its breal<point address register. This register 
will respond to QUICC or MC68EC040 accesses, but only the first access of an 
MC68EC040 burst access. 



The result of a breal<point Is the assertion of the BKPTO pin on the QUICC. In this 
application, it was decided to route this output back to an interrupt input on the QUICC 
and generate a nonmaskable interrupt to the MC68EC040. If the MC68EC040 encounters 
the breakpoint trap, it will respond with a breakpoint acknowledge cycle. The QUICC does 
not recognize this cycle and takes no action. 

9.4.1.7 BUS MONITOR FUNCTION. In MC68EC040 companion mode, the QUICC will 
monitor the bus for bus cycles that are not properly terminated. The cycles can originate 
from the QUICC or the MC68EC 040. If the MC68EC040 originates such a cy cle and that 
cycle times out without a TA or TEA occurring, the QUICC will assert TEA back to the 
MC68EC040 to end the cycle. 

9.4.1.8 SPURIOUS INTERRUPT MONITOR. In MC68EC040 companion mode, the 
QUICC will watch for spurious interrupt cycles generated by the MC68EC040, but only on 
the Interrupt levels that the QUICC supports internall y (e.g ., the levels used by the SIM60 
and the level of the CPM). If such a condition occurs, TEA will be asserted by the QUICC. 

9.4.1.9 SOFTWARE WATCHDOG. If desired, the MC68EC040 can program the QUICC 
software watchdog to generate a level 7 interrupt or a system reset. In this application, the 
software watchdog is configured in software to generate a reset so that the breakpoint 
logic can use level 7 interrupts. No additional hardware is required because the 
connection between the reset pins of the QUICC and the MC68EC040 is already made. 

9.4.1.10 PERIODIC INTERVAL TIMER. If desired, the MC68EC040 can use the periodic 
interval timer on the QUICC to generate a system Interrupt, such as for a real-time kemel. 
No additional hardware Is required for this function. 

9.4.1.11 MC68EC040 CACHING CONFIGURATION. The MC68EC040 can cache or not 
cache data and can program memory as desired. However, it is strongly advisable not to 
cache the data that is accessed by the QUICC serial channels because of the overhead 
incurred every time a cached data area is written. 

The MC68EC040 can decide to cache or not cache 16-byte portions of a bank of memory 
on a dynamic basis by using a software technique summarized in 9.5 Selecting Cache 
Modes on the MC68EC040. 

9.4.1.12 MC68EC040 SNOOPING. The snooping function is not supported since only one 
active processor exists in the system and the QUICC data buffers are not cached. 
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9.4.1.13 DOUBLE BUS FAULT. In MC68040 companion mode, the QUICC double bus 
fault monitor is not operational, 

9.4.1.14 JTAG AND THREE-STATE. Both the MC68EC040 and the QUICC provide 
IEEE1149.1 test access po rts, co mmonly known as JTAG. This interface uses five pins: 
TMS, TDI, TDO, TCK, and TRST. TIVIS and TDI are left unconnected because they have 
internal pullups. The JTAG ports of both parts are disabled in this application; however, 
the capability could be easily added. 




When the QUICC is in master mode, it provides a TRIS pin that allows all outputs on the 
device to be three-stated. In slave mode, this featuj;e^is not available since the QUIC C is a 
peripheral of the system. Thus, the transfer start (TS) pin is available instead of the TRIS 
pin and does not conflict with it. 

9.4.1.15 QUICC SERIAL PORTS. The functions on QUICC parallel I/O ports A, B, and C 
may be used as desired in this application and have no bearing on the MC68EC040 
interface. However, any unused parallel I/O pins should be configured as outputs so they 
are not left floating. 

9.4.2 Memory Interfaces 

In this application, a number of memory arrays have been developed for EPROM, burst 
EPROM, flash EPROM, EEPROM, SRAM, burst SRAM, and DRAM. Each memory 
Interface can be attached to the system bus as desired. 

One issue not discussed is the decision of whether external buffers are needed on the 
system bus. This issue depends on the number of memory arrays used in the design and 
possibly the layout (i.e., capacitance) of the system bus. 

Another issue left to the user is the number of wait states used with each memory system. 
This depends on the memory speed, whether external buffers are used, and the loading 
on the system bus pins. (The QUICC provides capacitance de-rating figures to calculate 
the effect of more or less capacitance on the AC Timing Specifications.) 

9.4.2.1 QUICC MEMORY INTERFACE PINS. In this design, a number of QUICC pins are 
available to the memory arrays (see Figure 9-8). These pins are active, regardless of 
whether the bus cycle was originated by the MC68EC040 or by one of the QUICC DMA 
cycles. The QUICC detects the MC68EC040 bus cycle by the TS pin. If the QUICC 
generates the bus cycle, the QUICC asserts the AS pin. 



Eight CSx or RASx pins are available in the system. In this design. CSO is used for any of 
the EPROM arrays since it is the global (boo t) chip sele ct. RAS1 is used for the DRAM 
arrays because of its double-drive capability. CS2/RAS2 is not u sed in the design a nd is 
available for oth er pu r pose s, su ch as a second DRAM bank. CS3 is for SRAM arrays; CS4 
is for EEPROM. CSS, CS6, and CS7 are unused. 

In this design, it is assumed that the full 32-bit capability of the MC68EC040 is used; thus, 
all memory arrays are 32 bits wide. (The only exception to this is the EEPROM, which is 
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handled differently. See 9.4.2.7 EEPROM.) To provide dynamic bus sizing, the l\/iC68150 
device may be added to the design shown here. 

Parity is supported for both SRAM and DRAM arrays using the fou r-byte p arity lines 
PRTY3-PRTY0. When a parity error occurs, the error indication on the PERR pin causes 
the QUICC to generate a level 5 interrupt to the MC68EC040. (Level 7 has already been 
used for the breakpoint generation interrupt.) The parity error timing is not fast enough to 
allow an MC68EC040 bus error to be generated on the bus cycle that generated a parity 
error. 

The QUICC supports MC68EC040 bursting using the BADD3-BADD2 pins. These pins 
normally reflect the values on A3-A2, but, in the case of a burst, are used to increment the 
address to the memory array. If the memory devices already support MC68EC040 
bursting internally, the BADD3-BADD2 pins are not required. 



The DRAM arrays require the four CAS3-CAS0 pins. Also, since an external address 
multiplexer is used, the AMUX pin is required to select between rows and columns. If, 
however, the user's configuration does not require DRAM, the AMUX pin can be used as 
an OE pin instead. This would save an inverter in a number of memory arrays. 

NOTE 

Many memory arrays show an inverter on the R/W pin to 
create the OE signal. When using multiple memory arrays, it is 
possible to share one inverter between multiple memory 
arrays; however, this configuration is not shown. 



The QUICC also provides four write enable (WEx) pins to select the correct byte during 
write operations. 

9.4.2.2 REGULAR EPROM, Figure 9-9 shows the glueless interface to standard EPROM 
in the system. The assumption is made that only the MC68EC040 will access this array. 
No bursting capability is u sed. The CONFIG2-CONFIG0 pins are configured to initialize 
the system to slave mode, CSO operating on a 32-bit port at reset, the MBAR at its normal 
location, and MC68040 companion mode. 

It would have been possible to use 16-bit-wide EPROM to reduce the chip count, if 
desired. (See 9.4.2.3 BURST EPROM for an example.) 

9.4.2.3 BURST EPROM. Figure 9-10 shows the glueless interface to two burst EPROMs 
available from National Semiconductor. These devices support a glueless interface to the 
MC68040. In this design, the assumption is made that only the MC68EC040 will access 
this array. 
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9.4.2.4 FLASH EPROM. Figure 9-1 1 shows the interface to flash EPROM devices. In this 
design, the assumption Is made that only the MC68EC040 will access this array. The 
inverter is only required if DRAM is used elsewhere in the system, since the OE function is 
lost when the AMUX pin is used. This design assumes that the write operations are CE 
controlled, rather than WE controlled. Most flash EPROM manufacturers now support this 
alternative timing method. 

9.4.2.5 REGULAR SRAM. Figure 9-12 shows the interface to SRAM. In this design, both 
the MC68EC040 and the QUICC may access the SRAM array. The inverter is only 
required If DRAM is used elsewhere In the system, since the OE function is lost when the 
AMUX pin is used. This design also allows the QUICC to support bursting by the 
MC68EC040 using the BADD3-BADD2 signals. The QUICC also uses these signals as 
A3-A2 address lines during Its normal SRAM accesses. If MC68EC040 bursting Is not 
supported, the BADD3-BADD2 signals can be replaced with the A3-A2 signals. 

9.4.2.6 BURST SRAM. Figure 9-13 shows the Interface to Motorola's 32K x 9 
MCM62940A bursting SRAM. This can provide better memory throughput speeds than the 
regular SRAM array. Figure 9-13 shows the solution for an array that Is accessed by the 
MC68EC040 and the QUICC. 

To speed access times, the chip select pin (SO) of the burst SRAM is connected directly to 
the A27 pin of the system bus. This gives half of the usable address space to this array, 
although this should not be a problem in most systems considering the 28 address pins 
available. No chip select pin from the QUICC Is used. 

The inverter on the R/W signal Is only required if DRAM is used elsewhere in the system, 
since the OE function is lost when the AMUX pin Is used. The CLK01 signal Is derived 
directly from the QUICC CLK01 pin. Parity Is also supported in the array, using the 
PRTY3-PRTY0 signals on the system bus. 

Although not used in this design, Motorola also offers a larger version of the MCM62940A, 
called the MCM67M618, that is organized into a 64K x 18 array. 



In Figure 9-13, the TSC pin Is connected to the AS pin to handle the QUIC C acc esses. 
The QUICC accesses do not use the bursting feature of the MCM629 40A. BAA, which 
could be asserted during the QUICC accesses due to the QUICC DSACK1 being 
mult iplexed with the MC68EC040 TA, is a don't care as long as TSC remains low. After 
TSC negated, the OE and WE signals are negated, disabling the MC62940A burst. 
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Figure 9-13. 128-Kbyte Burst SRAM Bank— 32 Bits Wide 
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9.4.2.7 EEPROM. Figure 9-14 shows the interface to an EEPROIVI device to give a smali 
amount of nonvolatile storage. Although both the MC68EC040 and the QUICC may 
access the EEPROM, it is most likely that only the MC68EC040 will access the EEPROM. 
The inverter is only required if DRAM is used elsewhere in the system, since the OE 
function is lost when the AMUX pin is used. 

The EEPROM device sits on just the D7-D0 data pins. Thus, when the MC68EC040 
accesses the EEPROM, the only valid data that is read or written is on the D7-D0 pins 
(i.e., byte 3). Thus, reads or writes to successive locations of the EEPROM will require the 
address to be incremented by 4 each time. Additionally, the CS4 pin should be 
programmed to respond to a full 32-Kbyte area, even though only 8 Kbytes are present. 

After a write is made, software is responsible for waiting the appropriate time (e.g., 10 ms) 
or for performing data polling to see if the newly written data byte is correct. 
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9.4.2.8 DRAM SIMM. Figure 9-15 shows the interface to an iVICI\/l36100S DRAIVI single in- 
line memory module (SIMM). Both the MC68EC040 and the QUICC can access the 
DRAM. 

When the QUICC is a slave to an external MC68EC040, the address multiplexing for the 
DRAM must be done externally to the QUICC, which is accomplished in the three F157 
multiplexers. The external address multiplexing scheme was chosen to allow the QUICC 
to provide burst accesses by the MC68EC040, using the BADD3-BADD2 pins. The 
QUICC can also use these pins as its A3-A2 address lines during its own accesses to the 
DRAM. In addition, two of the multiplexer outputs are unused in this design, allowing 
expansion to future 16M x 36 DRAM SIMMs. In fact, this multiplexing scheme allows 
SIMMs of many different sizes to be used on the board without hardware modification. 

This particular SIMM also includes parity support, supported with the PRTY3-PRTY0 
signals. 



This design also uses the RAS1 double-drive capability, whereby the RASIDD signal is 
output by the QUICC to increase the effective drive capability of the RAS1 signal. The 
RAS1 line should be programmed to respond to a 4-Mbyte address space. 

After power-on reset, the software must wait the required time before accessing the 
DRAM. The required eight read cycles must then be performed either in software or by 
waiting for the refresh controller to perform these accesses. 

9.4.2.9 DRAM DEVICES. Figure 9-16 shows the interface to a standalone DRAM device. 
In this case, the MCM54260 256K x 1 6 DRAM device is chosen. This allows a full 32-bit- 
wide DRAM solution using o nly two DRAM devices, with byte writes still supported using 
the upper and low er CAS x pins. Both the MC68EC040 and the QUICC can access the 
DRAM array. The RAS1 line should be programmed to respond to a 1 -Mbyte address 
space. 

The address multiplexing scheme is the same as that for the DRAM SIMM. No parity 
support is provided in this case. The RASIDD signal is not used in this case since only 
two devices are supported. 

After power-on reset, the software must wait the required time before accessing the 
DRAM (approximately 100 \is). The required eight read cycles must then be performed 
either in software or by waiting for the QUICC refresh controller to perform these 
accesses. 
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Figure 9-15. 4-Mbyte DRAM Bank— 36 Bits Wide 
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Figure 9-16. 1 -Mbyte DRAM Bank— 32 Bits Wide 

9.4.3 Software Configuration 

The following paragraphs discuss a number of key points for to a software writer desiring 
to initialize the system. The points discussed are those that are required to enable the 
previously mentioned hardware configurations. 
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9.4.3.1 BASIC INITIALIZATION. The following paragraphs describe basic software 
initialization. 

The module base address register (MBAR) should be set as desired. However, the 
QUICC 8-Kbyte block of address space should not overlap any memory array. 

The module base address register enable (MBARE) should not be accessed. 

In the module configuration register (l\/ICR), ASTM and BSTM should be set. The user 
should program BCLROID2-BCLROID0 to $3 and program the SOMA, IDMA1, and 
IDMA2 arbitration IDs in the SOMA configuration register and IDMA channel configuration 
registers to 4, 2, and 0, respectively, to allow the SOMA and DRAM refresh to preempt 
IDMA transfers. SHEN1-SHEN0 should be left cleared. SUPV should be cleared. 
BCLRIID2-BCLRIID0 are not used and can be programmed to $0. IARB3-IARB0 can be 
left programmed to $F to allow SIM interrupts to have priority over CPM interrupts that 
occur at the same level. 

In the system protection control register (SYPCR), DBFE should be cleared. BME should 
be set. If the software watchdog is not used, the SWE bit should be cleared. If the 
software watchdog Is used, the SWRI bit should be left set to cause a system reset, rather 
than an interrupt. 

The periodic interrupt control register (PICR) may be set as desired. 

The port E p in assignment register (PEP AR) sh ould be set to $3 1 CO, which configures 
three lOUTx lines to go out on some of the IRQx pins, the RAS1 DD pin, and the use of the 
WE lines instead of the A31-A28 lines. It also configures the AMUX pin (assuming DRAM 
is us ed in the system; othenArise, the OE function should be programmed), four CASx 
lines, CS7, and AVECO. 

9.4.3.2 CONFIGURING THE MEMORY CONTROLLER. The following paragraphs 
describe configuring the memory controller registers. 

The global memory register (GMR) should be configured as follows: 

The RFCNT bits may be set as desired. At 25 MHz, an RFCNT value of 24 (decimal) 
gives one refresh every 15.6 ^is. 

RFEN should be set. 

RCYC depends on the DRAM speed. At 25 MHz (an 80-ns DRAM SIMM), RCYG 
should be 00. 

PGS2-PGS0 is not relevant since page mode and internal address multiplexing is not 
used. 

DPS should be set to 00. 

WBT40 depends on timing; it is usually cleared for 80-ns DRAM SIMMs. 

WBTQ depends on timing; it is usually set for 80-ns DRAM SIMMs. 

EMWS is not used in this design since there is only one QUICC. It should be cleared. 
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SYNC is not used in this design since tliere is only one QUICC. It should be cleared. 

OPAR may be chosen by the user. 

PBEE should be cleared because parity errors should not generate bus errors In 
MC68040 companion mode. 

TSS40 should be set to meet l\/IC68EC040 electrical specification 1 1 . However, it may 
be cleared for faster operation if spec 1 1 is reduced from 30 ns to 25 ns because of a 
lightly loaded MC68EC040 bus. 

NCS should normally be cleared. 

DWQ should be cleared since page mode is not allowed in l\/IC68040 companion mode. 

DW40 depends on the timing analysis. 

AMUX should be cleared. 

The memory controller status register (MSTAT) Is used for reporting write protect and 
parity errors and does not require initialization. 

The eight base registers (BRs), one for each memory banl<, should be configured as 
follows: 

The BA27-BA1 1 bits may be set as desired. Different memory arrays should not 
overlap. BA31-BA28 should be cleared since the byte write lines are used with an 
external master in the system. 

For simplicity, FC3-FC0 can be cleared. 

TRLXQ should normally be cleared for memory interfaces. 

BACK40 should be set if the QUICC provides bursting for the MC68EC040 accesses to 
standard SRAM and DRAM. 

CSNT40 should normally be set. 

CSNTQ should normally be cleared. 

PAREN should be set for memory banks that use parity. 

WP should be set for EPROM, burst EPROM, and flash EPROM; othenA/ise, it should 
be cleared. 

V should be set if the memory bank is used. 

The eight option registers (ORs), one for each memory bank, should be configured as 
follows: 

The TCYC bits should be set to determine the number of wait states required. 

The A M27-AM1 1 bits should be set to determine the block size of the chip select or 
RASx line. This should be the total number of bytes in each memory array except the 
EEPROM, which should be 32 Kbytes rather than 8 Kbytes. 




FCM3-FCM0 may be set to all zeros to allow the chip select or RASx line to assert on 
all function codes except CPU space (interrupt acknowledge). It is advisable to program 
FCM3-FCM0 to zeros, at least during the initial stages of debugging. 
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BCYC1-BCYC0 may be set to zeros (no wait states) if tlie QUICC is controlling the 
bursting for the MC68EC040 and the timing supports one-clock MC68EC040 bursting. 
However, with 60- or 70-ns DRAMs at 25 MHz, BCYC1-BCYC0 should be set to 01 for 
two-clock MC68EC040 bursting. 

PGME should be cleared. 

SPS1-SPS0 should be cleared. 

DSSEL should be set only if this is a DRAM bank. 

9.4.4 Interfacing Multiple QUlCCs to an MC68EC040 

It is possible to interface multiple QUlCCs to an MC68EC040. The first QUICC can be 
configured as previously shown in this subsection. Additional QUlCCs should be 
configured as noted in the following list: 

• The additional QUlCCs should have their CONFIG2-CONFIG0 pins configured for 
slave mode, global chip select disabled, an6 MBARat $003FF04. These QUlCCs stiil 
recognize and respond to MC68040 cycles via the TS pin, even though their 
CONFIG2-CONFIG0 pins are not configured for MC68040 companion mode. 



The MBAR of the additional QUlCCs should be programmed using the MBARE pin 
and MBARE register as described in Section 6 System Integration Module 
(SIM60). 

An external bus arbiter is required to take the bus request of the additional QUICC 
(which is an output because of the CONFIG2-CONFIG0 pins) and prioritize it with the 
MC68EC040, present it to the original QUICC, and issue a bus grant to the 
appropriate device. 



An external interrupt prioritlzer Is required to determine which QUICC IOUT2-IOUT0 
pins are currently routed to the MC68EC040. Alte rnatively , the additional QUICC 
should have Its interrupts brought out on a single RQOUT pin, which is routed to one 
of the original QUICC Interrupt inputs. This would eliminate the external logic. 

The additional QUlCCs should not be configured to perform any memory controller 
support functions for the MC68EC040. Only the original QUICC should be used for 
this purpose. 
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9.5 SELECTING CACHE MODES ON THE MC68EC040 

When the QUICC is used in its IVIC68040 companion nnode with the l\/IC68040, it is 
recommended that the QUICC serial data buffers be cache inhibited by the l\/!C68040. 
This avoids the overhead that would result from the cache coherency algorithms of the 
MC68040 following the frequent write accesses by the QUICC to one of its serial data 
buffers located in external memory. When using the MC68040, the MC68040 memory 
management unit (MMU) may be used to cache inhibit the data buffers. However, the 
lower cost MC68EC040 does not have an MMU. Therefore, what technique can be used 
by the MC68EC040 to cache inhibit serial data buffers? The following paragraphs discuss 
a method for selecting caching modes on 1 6-byte boundaries for an MC68EC040. 

The MC68EC040 delivers high performance at a low system cost for embedded control by 
providing the same high integer performance and large 4K instruction/data caches as the 
MC68040 without the floating-point unit and MMU. The MC68040 MMU makes the 
caching mode selectable for each 4K or 8K page within memory. The use of several 
caching modes within the same address range is made more difficult without the MMU. 
The access control unit of the MC68EC040 provides two access control registers each for 
data and instructions. Each access control register allows caching modes to be defined in 
16-Mbyte to 4-Gbyte sections. This coarse division of the memory map is not ideal for all 
embedded applications. The following paragraphs explain an addressing scheme that 
allows all parts of the memory map to be independently available using any of the 
MC68EC040 caching modes on line boundaries (a line equals 16 bytes). Since any part of 
the memory map is accessible as cache-inhibited, copyback, or write-through, there is no 
requirement to split caching modes on 16-Mbyte boundaries. Furthermore, since the 
cache mode can be selected down to the line boundary, different areas within the same 
address region (e.g., DRAM) are accessible in any or all of the three caching modes. 

9.5.1 The Algorithm 

Two address bits are used to divide the MC68EC040 4-Gbyte addressing range into four 
1-Gbyte sections. The only difference between the sections is the caching modes. The 
caching mode of one section is made cache-inhibited, serialized (address bits = 00); the 
next section is made cachable, copyback (01); and the last two sections are made 
cachable, write-through (1x). The address bit ordering (00, 01, 1x) allows the 1-Gbyte 
sections to be nested. Address bits 00 are at the bottom of the address map, address bits 
01 are in the middle, and address bits 1x occupy the top half of the address map. Each 
1-Gbyte section is mirrored onto every other section to provide a single 1-Gbyte 
addressing range. The address mirroring is done by externally ignoring the two address 
bits used to select the caching mode. The regions are mapped into memory using the 
remaining 30 address bits. The caching mode of any part of the 1-Gbyte address range is 
now selected by software. If the address bits used for cache mode selection are 00, the 
access is cache-inhibited. If the address bits are 01 , the access is a copyback. If the 
address bits are 10 or 11, the access is a write-through. The address bits can be any of 
the top eight address bits (A31-A24) and do not need to be contiguous. 
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9.5.2 Protection 

This cache addressing method does not provide any internal protection from Incorrectly 
accessing an address with the wrong caching scheme. The answer is to rely on the 
software to correctly access with the correct caching mode or to externally qualify the 
accesses with the caching mode address bits. Special care is required to avoid mixing 
caching modes within the same memory line. An example of the problem is a cachable 
and noncachable access to the same line. A copyback access to one long word of a line 
will cause all four long words of the line to be read into memory. A cache-inhibited access 
to another long word of the same line would not hit in the cache, but rather hit in the 
external memory. A cache line push of the copyback line can now overwrite the cache- 
inhibited long word in external memory. A subsequent memory access to the cache- 
inhibited long word of the same line will now differ based on whether the cache push of 
the line has occurred. The solution is to use line boundaries when choosing caching 
modes. To change the cache mode of a line from cachable to cache inhibited, do a 
CPUSH or CINVAL of the line when making the change to ensure that the cache does not 
contain a copy of a cache-Inhibited line. To switch from cache inhibited to cachable, the 
internal caches do not require any change. 

9.5.3 MC68EC040 Cache Behavior 

To better understand the cache operation of the MC68EC040, the following brief 
explanation describe how the MC68EC040 caches and access control unit work. When 
the MC68EC040 comes out of reset, the caches and access control units are disabled, 
and all accesses are in cache-inhibited, nonserialized mode. When the caches are first 
enabled, the information in the cache is unknown; therefore, it is important to invalidate 
the caches before enabling them. The caches are enabled by accessing the cache access 
control register (CACR). The data access control unit is enabled by enabling one or both 
of the data access control registers (DACO and DAC1). When a data access is made, the 
MC68EC040 compares the upper eight bits of the address to the base address and 
address mask of the enabled data access control registers. An address match with the 
data access control register occurs if the upper eight bits of the access address matches 
the base address or is masked off by the data access control register address mask. If the 
address does not match either data access control register, the caching mode is the 
default (cache-inhibited, nonserialized if the cache is disabled or write-through if the cache 
is enabled). If the address does match one of the data access control registers, the cache 
mode bits of the matching data access control register select the caching mode. If both 
data access control registers match, DACO takes priority over DAC1. The instruction 
accesses work the same, except the instruction access control unit is used. 

9.5.4 Enabling the Caching IVIodes 

To enable the multiple caching modes, enable DACO and lACO for cache-inhibited, 
serialized (cache mode bits = 10), mask out (set to ones) all but two address bits, and set 
the remaining two address bits to the cache-inhibited, serialized region (e.g., address bits 
= 00). Enable DAC1 and IAC1 for cachable, copyback (cache mode bits = 01), mask out 
(set to ones) all but two address bits, and set the remaining two address bits to the cache- 
inhibited, copyback region (e.g., address bits = 01). The write protect bit, user page 
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attribute bits, and function code bits are set as the user requires for both DACO and DAC1 . 
When the caches are enabled, all accesses in which the nonmasked address bits are 00 
use DACO or lACO and are cache-inhibited, serialized. All accesses in which the 
nonmasked address bits are 01, use DAC1 or IAC1 and are cachable, copyback. All 
accesses in which the nonmasked address bits do not match either access control register 
are not affected by the access control units and default to cachable, write-through. 

The following MC68EC040 code is used for enabling the access control unit for this 
caching scheme: 

MOVE.L DO, -(A7) 

CINVA BC 

MOVE.L #$80008000,D0 

MOVEC DO.CACR 

MOVE.L #$003FC020.D0 

MOVEC DO, DACO 

MOVEC DO, lACO 

MOVE.L #$403FC010,D0 

MOVEC DO, DAC1 

MOVEC DO, IAC1 

MOVE.L (A7)+,D0 

NOTE 

Depending on the assembler used, the acronyms DTT and ITT 
may have to be used instead of DAC and lAC. 

9.6 INTERFACING THE QUICC TO THE 53C90 SCSI CONTROLLER 

In the late 1970's, Schugart and Associates introduced a parallel bus called Schugart 
Associates system interface (SASI). Because of SASI's generic nature and ability to 
function as a device-independent peripheral or system bus, other manufacturers quickly 
adopted It. In 1982, ANSI standardized an enhanced version of SASI renaming it the small 
computer system interface (SCSI). Since its standardization as a bus and due to its 
diverse potential, SCSI has enjoyed great popularity as an alternative means to network- 
dissimilar high-performance hosts. 

The following paragraphs give a general description of the SCSI bus, including its major 
signals and functions. The hardware and software interface between the QUICC and the 
53C90 SCSI controller is also discussed. This subsection highlights an example of a 
QUICC IDMA channel and the memory controller features that allow the QUICC to 
interface to slower peripherals. 

9.6.1 SCSI General Overview 

SCSI is an 8-bit, parallel I/O bus that provides a host computer with the capability of 
adding different disk drives, tape drives, printers, and even communication devices 
without major modifications to the system hardware or software. It uses logical rather than 
physical addressing for all data blocks. 
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A maximum of eight devices can be attached to the SCSI bus. Of these eight, only one 
pair of devices can communicate at one time. Each SCSI device has an ID bit assigned to 
it that is the bit-significant representation of the SCSI address referring to one of the signal 
lines DB7-DB0. DB7 has the highest priority. When two devices communicate over the 
SCSI bus, one acts as an initiator (host), and the other acts as a target (controller). The 
initiator originates the operation, and the target performs the operation. 

9.6.2 Physical Interface 

The physical bus interface is composed of a group of characteristics: speed, bus signals, 
and device count. 

Speed, the ability to transfer data, uses two handshaking protocols: synchronous and 
asynchronous. Synchronous transfers a series of bytes before the handshake occurs; 
whereas, asynchronous requires a handshake for every byte transferred. Rates up to 6 
Mbytes/sec can be accomplished asynchronously; 10 Mbytes/sec is possible on the 
synchronous protocol. 

SCSI devices are daisy-chained using a common cable. This 50-conductor cable is used 
by the bus signals to interchange data, commands, status, and message information. 
Table 9-1 and Figure 9-17 describe the SCSI bus signals. 



Table 9-1. SCSI Bus Signals 




Signal 


Driven By 


Signal Explanation 


DB0-DB7 


Initiator/Target 


8-Bit Bidirectional Data Bus. 


DBP 


Initiator/Target 


Data-Bus Parity Line. Optional. 


ATN 


Initiator 


Attention. Used to send a message to the target when it controls the bus. 


BSY 


Initiator/Target 


Busy. Indicates that the bus is unavailable for use. 


ACK 


Initiator 


Acknowledge. Used by the initiator for handshal<ing. 


RST 


Any Device 


Reset. Used to initiate a bus-free phase. 


MSG 


Target 


Driven by the target to indicate that the current transfer is a message. 


SEL 


Initiator 


Select. Used by the initiator to select a target before command execution. Also 
used by the target to reconnect when the reselection phase is implemented. 


C/D 


Target 


Control/Data. Used during the information transfer phases to transfer commands, 
status, data or messages over the bus. 


REQ 


Target 


Request. Used by the target during information transfer phases. 


I/O 


Target 


Input/Output. Determines the direction of the transfer. 
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Figure 9-17. SCSI Bus Signals 




The SCSI bus has a total of 1 8 signals — 9 are used for control, and 9 are used for data 
(one parity bit). The bidirectional data lines transfer data, commands, status, and message 
information. The control signals and the bus phases determine when and what direction 
data is transferred. A description of the phases is given in 9.6.3 Logical Interface. 

Device count refers to the maximum number of devices on the bus. The SCSI bus 
supports up to eight devices, including the host. It also provides two electrical interfaces, 
single-ended or differential. The single-ended driver and receiver configuration uses TTL 
logic levels and is primarily intended for applications within a cabinet where the cable 
length will not exceed 6 meters (20 feet). Differential, on the other hand, uses EIA RS-485 
signals and can drive cable lengths up to 25 meters (82 feet). Figures 9-18 and 9-19 show 
the single-ended and differential configurations. 
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Figure 9-18. Single-Ended SCSI Bus Interface 
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Figure 9-19. Differential SCSI Bus Interface 
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9.6.3 Logical Interface 

Communicating across the SCSI bus occurs tlirougli a series of pliases. Tlie protocol is 
made up of communication cycles, where each cycle is a sequence of states and the bus 
can never be in more than one state at a time. The protocol has eight phases, and each 
phase performs a specific function, such as idling, arbitrating, selecting, reselecting, and 
sending commands, data, messages, and status. From a hardware perspective, each 
phase is determined by the SCSI bus control lines. Figure 9-20, a phase sequence 
diagram, shows how the phases fit together to form the communication cycle. Some 
phases, such as arbitration, reselection, and message out, are optional. They are used 
when the bus has multiple initiators. The following list describes the different phases: 

BUS-FREE— the idling state of the SCSI bus. When in this state, no SCSI device is 
actively using the bus, and the bus is available for subsequent users. 

ARBITRATION — used to determine which device gains control of the SCSI bus. 
Arbitration is necessary when two or more devices are simultaneously competing to use 
the bus. 

SELECTION — used to establish a communications link between an initiator and a target 
device to perform a SCSI command. Typically, the command is a read or write function 
to the target. 

RESELECTION— optional phase controlled by the target. This phase allows the target 
to reconnect to an initiator so that an operation that was previously started by the 
initiator, but suspended by the target, can be finished. 

INFORMATION-TRANSFER— includes command, data, status, and message phases. 
They are entered by asserting the BSY line and negating the SEL line. The C/D, I/O, 
and MSQ signals are used to differentiate between the phases. 

Command — allows the target to receive a command from the initiator in the form of a 
command-descriptor block (CDB). It is used to tell the target which type of operation 
to perform (e.g., read/write a sector from a disk). CDBs are usually 6, 10, or 12 bytes 
in length. 

Data— two phases: data in and data out (direction is determined by the originator). 
The data phase is entered when the target negates the C/D and MSG lines and 
asserts (input) or negates (output) the I/O line. 

Message— similar to the data phase because it can be message in or message out. It 
conveys information on the status of a command and is entered when the target 
asserts the C/D and MSG lines during REQ and ACK handshakes. I/O has the same 
function as in the data phase. 

Status— used to send one status byte from the target to the initiator. This phase falls 
between the data and message phases and consists of sending a good status byte if 
the data transmitted was received correctly. The status phase is entered when the 
target asserts the C/D and I/O lines while MSG is negated. 
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Figure 9-20. Phase Sequences of the SCSI Bus 




Table 9-2 is a truth table summary of the preceding description (1 = signal asserted and 
= signal negated). 

Table 9-2. Information Transfer Phases 



Signal 


Direction 


Phase 


SEL 


BSY 


MSG 


C/D 


I/O 
















To Target 


Data Out 













1 


From Target 


Data In 










1 





To Target 


Command 










1 


1 


From Target 


Status 







1 








— 


Reserved 







1 





1 


— 


Reserved 







1 


1 





To Target 


Message Out 







1 


1 


1 


From Target 


Message In 
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9.6.4 Functional Description 

The 53C90 SCSI controller consists of three major sections: the processor interface, the 
data path, and the logic block. The processor interface includes the 8-bit data bus, parity 
bit, chip select, read/write strobes, A0-A3 address lines, interrupt request, and DMA 
signals. The data path consists of a 16-byte FIFO, parity generation, DMA interface, and 
SCSI data and control bus inputs/outputs. 

The logic block consists of a hierarchy of sequencers that direct the SCSI bus control 
signal timing. The 53C90 has a set of on-chip state machines that directly perform many 
SCSI sequences. The instruction sequencer and master sequencer provide control of 
these state machines. Since the 53C90 has no real decision-making capability, it relies on 
the CPU32+ for supervisory control and for integrating the performed SCSI sequences 
into complete operations. Processor service is requested through a standard interrupt 
structure, and the 53C90 reports the status through its register set. 

Overall control of the 53C90 is done through the processor interface. The processor data 
bus and associated control signals provide the means to initialize and set the operating 
mode of the SCSI as well as provide the data path for information swapping. The 
processor can write to a set of 12 registers, instructing the 53C90 what function to 
perform, then read another set of registers to determine the status. 

Once the 53C90 starts executing, all data transfers are handled by the DMA. Since the 
53C90 does not have an onboard DMA controller, it relies on one of the two independent 
DMA (IDMA) channels of the QUICC. In this case, IDMA1 Is arbitrarily chosen. IDMA1 of 
the QUICC moves the data to and from the 53C90 FIFO. The FIFO provides a 9-bit-wide 
by 16-byte-deep buffer. It can be accessed by either the IDMA or the processor at register 
address $02 and can be read or written as a register. The bottom of the FIFO is read and 
unloaded while the top is written to and loaded. 

Therefore, for an SCSI transfer to occur, the processor has to initialize the 53C90 by 
writing to its registers, initialize IDMA1 by setting up its registers, and then monitor the 
status of the 53C90. 
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Table 9-3 lists the read and write registers in the 53C90. 



Table 9-3. 53C90 Read and Write Registers 



Address (Hex) 


Read Register 


Write Register 


$00 


Transfer Counter LSB 


Transfer Counter LSB 


$01 


Transfer Counter MSB 


Transfer Counter MSB 


$02 


FIFO 


FIFO 


$03 


Instruction Executing 


Instruction Holding 


$04 


status 


Destination ID 


$05 


Interrupt 


Select/Reselect Timeout 


$06 


Sequence Step 


Synchronous Period 


$07 


FIFO Flags/Seq. Step 


Synchronous Offset 


$08 


Configuration 1 


Configuration 1 


$09 


Reserved 


Clock Conversion (Preset) 


$0A 


Reserved 


Test Mode 


$0B 


Configuration 2 


Configuration 2 


$OC-$OF 


Reserved 


Reserved 



9.6.5 Hardware Configuration 

The following paragraphs describe the hardware configuration of the SCSI controller 
interface. Figure 9-21 shows the SCSI bus interface. 
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Figure 9-21. QUICC to SCSI Bus Interface 
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9.6.5.1 CLOCKING STRATEGY. In this application, the system clock is generated from a 
32.768-kHz crystal into the QUICC. The QUICC Internal PLL multiplies the frequency up 
to 25 MHz and outputs 25 MHz on CLK01, which is fed into the 53090 CLK input. 
CLK02, which has 50 MHz available, might be disabled In software to save power. It Is 
also possible to run the QUICC at 20 MHz and feed the 53C90 40 MHz from CLK02 to 
achieve fast SCSI synchronous mode. In that mode, make sure the prescale bit in the 
clock conversion register ($09) of the 53C90 is set. Timing Issues also need to be 
considered. 

The use of the 32.768-kHz crystal is not a requirement but Is a low-cost solution. A 25- 
MHz external oscillator can also be used. The QUICC clocking section allows for the clock 
oscillator to be kept running through the VDDSYN pin in a power-down situation, if 
desired. 

9.6.5.2 RESET STRATEGY. If a pushbut ton switch Is needed. It can be connected by an 
open-drain b uffer to th e QUICC RESETH line, once debounced. The QUICC reset control 
logic asserts RESETH for a minimum of 512 cycles (20.48 \is at 25 MHz); this is Inverted 
and routed to the 53C90 reset input since it is an active-high reset. 

9.6.5.3 READ/WRITE TIMING. The CPU32+ is running three clock cycles on a normal 
zero-wait-state bus cycle. Implying 120 ns for the read or write bus cycle (f = 25 MHz, 
clock period is 40 ns). Looking at the QUICC read timing, the read strobe (OE) Is asserted 
after the falling edge of SO. Electrical specification 9 can be as long as 20 ns. From the 
time the read strobe Is asserted until data is valid from the 53C90 can be as long as 70 ns, 
giving a total time of 90 ns, which would occur after the falling edge of S4 where the data 
should be read. Therefore, one wait state should be inserted on the read cycle. Cycle time 
is also important. The 53C90 needs a minimum of 40 ns before the next read; whereas, 
the QUICC guarantees a minimum of 30 ns. TRLXQ and CSNTQ bits in the base register 
of the QUICC chip select should be set to ones to relax the timing and allow successive 
reads. 




Using WEO as the strobe for the write cycle, the CPU32+ will guarantee a minimum hold 
time of 35 ns; the 53C90 needs 2 ns. The setup time is a 35-ns minimum for the QUICC; 
the 53C90 needs 1 1 ns. Therefore, no wait states are needed for the write cycle, but cycle 
time is an issue. The 53C90 needs a minimum of 60 ns before the next write; whereas, 
the CPU32+ guarantees 35 ns. Again, set the TRLXQ and CSNTQ bits to one to relax the 
timing and allow successive writes. 

9.6.5.4 INTERRUPT HANDLING. There are multiple SCSI Instructions that would 
generat e an in terrupt to the QUICC. Since the 53C90 does not put a vector on the bus, it 
will use AVEC to terminat e the bus cycle and generate an automatic vector number. This 
interrupt Is coming in at IRQ2, leading to a vector number of 24 + 2 = 26 ($1A). The 
autovector register should be initialized to handle an autovector on IRQ2. When the 
QUICC Is interrupted, the interrupt service routine should read the status register and 
sequence step register of the 53C90 before reading the interrupt register. Reading the 
Interrupt register resets the interrupt pin (INT), the contents of the sequence step register, 
bits 7-3 of the status register, and the contents of the interrupt register Itself. 
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After determining what caused the interrupt, t he ser vice routine would branch to the 
appropriate portion of the program to execute. IRQ2 was chosen to cause the 53C90 
interrupts to have a lower priority than interrupts from other high-speed serial activity. The 
priority can be moved up If the system requires it. 

9.6.5.5 IDMA1 SETUP AND TIMING. After the processor initializes the 53C90 and all its 
registers, IDMA1 will take care of all the data movement to and from memory. The 53C90 
has a DMA interfa ce, and special care should be taken in the hardware connections. Chip 
select and DACK cannot be asserted at the same time on the 53C90. When IDIVIAI is 
requested, it will put out the address of the 53C90 and assert the chip select. To 
overcome this, another chip select Is used with a different address range. The 53C90 
needs the minimum memory range available (2K block). Assuming all periph erals are at 
address $04000000 and the 53C90 is at address $04001000, then CS7 will decode 
$04001000 on the read/write cycles, and CS6 will de code $04001800 on the DMA cycles. 
This way the 53C90 will take a 4K address block. CS6 is used because it will provide 
DSACK1 to terminate the DMA cycles. 




The 53C90 requires DACK to be cycled once for each DMA access. This Is available on 
the QUICC for both single and dual address transfers. In this case, however, packing of 
data from the 8-bit SCSI port to a 32-bit memory is desired; therefore, dual address 
transfers must be used. Thus, the SCSI will be accessed four times followed by a 32-bit 
access to memory. The maximum transfer rate in this case is 7.1 Mbyte/sec: 

(4 byte x 25 Mclocks/sec) / ((4 x 3) + 2 clocks per transfer) = 7.1 Mbyte/sec 

Accesses to the 53C90 are three clocks; whereas, memory may be accessed as fast as 
two clocks. 

IDMA1 has eight registers that define Its specific operation: 

32-Bit Source Address Pointer Register (SAPR) 
32-Bit Destination Address Pointer Register (DAPR) 
16-Bit Channel Configuration Register (ICCR) 
8-Bit Channel Mask Register (CMAR) 
8-Bit Function Code Register (FCR) 
32-Bit Byte Count Register (BCR) 
8-Bit Channel Status Register (CSR) 
32-Bit Channel Mode Register (CMR) 

These registers provide the addresses, transfer count, and configuration Information 
necessary to set up a transfer. They also provide a means of controlling the IDMA channel 
and monitoring its status. All registers can be modified by the CPU32+ core. The data 
holding register is another 32-bit register in the IDMA, but it is not accessible by the 
CPU32+ core. It is used for temporary data storage. 

Every IDMA operation involves the following steps: channel initialization, data transfer and 
block termination. In the initialization phase, the CPU32+ loads the registers with control 
information, then starts the channel. In the transfer phase, the IDMA accepts requests for 
operand transfers and provides addressing and bus control for the transfers. The 
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termination pliase occurs wlien tiie transfer is complete and tlie IDI\/IA interrupts the 
CPU32+. 

9.6.5.6 QUICC I/O PORTS. Tlie functions on QUICC parallel I/O ports A, B, and may be 
used as desired in tfiis application. However, any unused parallel I/O pin s should be 
configu red as outputs so they are not left floating. Do not forget to enable the DREQ1 and 
DACK1 pins on port B. 

9.6.6 Active SCSI Terminations 

There are multiple devices that provide switchable precision SCSI bus terminations. They 
are available in surface mount packages for different bus sizes. By utilizing flexible system 
design techniques, enabling or disabling terminations can be accomplished in software or 
hardware. Motorola's family of SCSI terminators currently Includes the following devices: 

• MCCS1 42233 (passive, 9 resistor pairs, 220Q/330Q) 

• MCCS142234 (active, 9 bits, 11 OQ) 

• MCCS 142235/36/37 (active, 18 bits, 110Q, different voltages, regulators, and 
enables) 

• MC34268 (SCSI-2 active terminator). 

For more information, refer to the individual data sheets on each part. 

9.6.7 Software Configuration 

The following paragraphs discuss a number of key points for a software engineer desiring 
to initialize the system. The only items discussed are those that are required to enable the 
previously discussed hardware configuration. See 9.1 Minimum System Configuration 
for additional information. 

9.6.7.1 CONFIGURING IDMA1. In this example, it is assumed that data is transferred 
from the 53C90 to 32-bit-wide memory. Therefore, the source size is one byte and the 
destination size is long word. The source address should be outside the 53C90 memory 
space but should still access the FIFO at $02 ($04001802), and the destination address 
should be SAOOOOOOO. The number of bytes to be transferred is 4 Mbytes. 

ICCR = $0720. The IDMA ignores the FREEZE signal, IDMA1 has priority over IDMA2 
and all interrupt handlers, IDMA1 arbitration ID is 2 while IDMA2 is 0, and the system 
clock operates normally within the IDMA. 

FORI = $89. Source function code is 1000; destination function code is 1001 . 

SAPR1 = $04001802. Source address. 

DAPR1 = $A0000000. Destination address. 

BCR1 = $00400000. Byte transfer count. 

CSR1 = $FF. Clear any CSR bits that are set. 

CMAR1 = $FF. Enable all interrupts. 
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CMR1 = $8941 .The 53C90 uses the control signals during the read portion of the 
transfer. The IDMA1 uses asynchronous request mode, dual address transfer, single 
buffer mode, and external request burst transfer mode. The SAPR and DAPR are 
incremented according to source size (byte) and destination size (long word). Setting 
STR starts the channel. 

9.6.7.2 CONFIGURING THE MEMORY CONTROLLER. The following paragraphs 
describe configuring the memory controller. 

For information on configuring the global memory register (GMR), refer to 9.1 Minimum 
System Configuration. 

The memory controller status register (MSTAT) is used for reporting parity errors and 
does not require initialization. 




Eigh t base registers (BRs) exist, one for each memory bank. BR6 and BR7 for CS6 and 
CS7 will be specified with the 53C90 address being $04001000. Please refer to 9.1 
l\/linimum System Configuration for DRAM and other memory configurations. 

BR7 = $04001040. Address decoded is $04001 xxx, function codes are xxxx (don't care, 
will be masked in 0R7), TRLXQ and CSNTQ are set, parity is enabled, read and write 
accesses are allowed, and this base register is valid. 

BR6 = $04001805. Same as BR7, except TRLXQ and CSNTQ are not set and the next 
consecutive 2K memory block is selected. 

Eight option registers (ORs) exist, one for each memory bank. The following information Is 
valid for registers 0R6 and 0R7: 

DSSEL should be 0. 

SPS1-SPS0 should be 10 (Indicating port size is 8 bits). 

PGME should be since this is not DRAM. 

BCYC1-BCYG0 are not used and should be cleared. 



FCM3-FCM0 may be cleared to zeros to allow the chip select or RAS line to assert on 
all function codes, except CPU space (interrupt acknowledge). It is advisable to 
program FCM3-FCM0 to zeros, at least during the initial stages of debugging. 

The AM27-AM1 1 bits will mask the address if they are cleared. In this application, they 
are all set to allow decoding. 

The TC YC bi ts should be set to determine the n umber of wait states required — one wait 
state on CS7 (0010) and no wait states on CS6 (0001). 

Therefore. 0R7 = $2FFFF804 and 0R6 = $1 FFFF804. 
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9.7 USING THE QUICC AS A TAP CONTROLLER FOR BOARD 
SELF-TEST 

An assembled board is often tested with complex test equipment using a unique test port 
or a bed-of-nails fixture. This procedure becomes more difficult as device packages and 
features become smaller. The objective of the IEEE 1149.1 standard is to define a 
boundary scan architecture that can be adopted as a part of an integrated circuit to 
perform both an in-circuit test and a verification of the interconnection between different 
devices. 

The IEEE 1149.1 standard defines test logic that can be integrated Into a device to 
perform: 

1 . Testing of the interconnection between devices once they have been mounted on a 
printed circuit board or any other substrate. 

2. Testing of the device itself. 

3. Observation or modification of the activity on the board. 

The test logic is comprised of features that include the boundary scan register and is 
accessed through the test access port (TAP). 

9.7.1 Board Layout 

The test equipment interfaces to the board through a test bus, with the tester acting as a 
test bus master. This bus is comprised of the boundary scan signals and consists of one 
or several parallel signal paths. Although different architectures are described In the IEEE 
standard document, this application shows only one serial connection. As shown in Figure 
9-22, one data signal loop is created with relevant device. The test data in (TDI) signal 
enters the device and exits the device as test data out (TDO) at the other end of the shift 
register. In addition, a clock signal (TCK) and a mode signal (TMS) are distributed to all 
devices in parallel. 

An example of a board designed with the boundary scan path architecture is shown in 
Figure 9-22. IVIost devices, like device 2 through device 5, are included in the loop. Other 
devices such as memories can be tested directly from a microprocessor. Usually, the 
board will also contain small logic functions or analog ICs that do not contain boundary 
scan logic. 

Once the board is tested with the test equipment, it is typically stored until it is installed In 
the final system. This storage time is comprised of warehouse and shipping time. How 
then can the board be retested before It begins to interact with a larger system in the end 
application? This is of particular importance in telecommunication systems with distributed 
intelligence, since an error can propagate throughout the entire system if one node is 
malfunctioning. 

Today, almost every board design includes some kind of processor or controller. This 
controller can be used as the test bus master to perform a board test using an existing 
boundary scan path. The following paragraphs describe how this concept can be achieved 
using the QUICC as the board controller. 

MOTOROLA MC68360 USER'S MANUAL 9-69 





TDI 
TMS 
TCL 
TDO 






Figure 9-22. IEEE 1149.1 Scan Path 

9.7.2 Board Testing 

The patterns used for factory testing can be modified for self-testing of an installed board. 
The self-test can be used to check direct interconnections as well as board functions. The 
testing of memories on the board can be accomplished under direct program control of the 
QUICC; however, the boundary scan vectors under control of the onboard controller could 
be used to test other parts of the board. 
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Figure 9-23 shows an enlarged version of a device shown in Figure 9-22. The TAP is the 
interface between the external bus and all internal boundary scan logic. The interface Is 
comprised of four mandatory signals, TDI, TDO, TCK, TMS, and the optional test reset 
(TRST). 

The TAP controller is a sequential state machine. The IEEE standard defines operations 
that must be performed, others that should be performed, and operations that are optional 
and may vary between different devices and vendors. The TAP state machine is stepped 
by different combinations of the TIVIS and TCK signals. Data is shifted in through the TDI 
pin to the instruction register, bypass register, or boundary scan register, depending on 
the state machine action. The state machine also controls what internal signal path is 
routed to the TDO pin. 

Although the TAP details are application-specific, the discussion of how to access the TAP 
controllers using the QUICC is common to all boards. This access is described in more 
detail. 
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Figure 9-23. TAP Controller and Registers 
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9.7.3 Microcontroller Interface 

Figures 9-24 and 9-25 show two ways of routing tiie signals on a board. Figure 9-24 
shows the QUICC TAP port being used In the board test, as well as the ability for the 
QUICC to become the test bus master using its I/O pins. Figure 9-25 shows the QUICC 
used simply as a test bus master. 

To control the signal flow, one I/O pin is dedicated as test master mode (MM) control. The 
latch is used to allow the master mode test bus signals to become I/O in the normal board 
application, if required. Otherwise, the latch may be removed. The arrows Indicate the 
signal flow direction for TDI and TDO. In each figure, TDI is the input data signal from the 
external tester, and MTDI is the input data generated by the QUICC. 



TO FIRST DEVICE IN SCAN LOOP 




MUX: 
IFMVI = 1THENA 
IFMM^OTHENB 



I/O FUNCTIONS IF NOT 
IN TEST MASTER MODE 



Figure 9-24. Signal Routing with TAP Port Used In Board Test 



MOTOROLA 



MC68360 USER'S MANUAL 



9-73 



TO FIRST DEVICE IN SCAN LOOP 
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IN TEST MASTER MODE 




QUICC WITHOUT 
TAP IN USE 




Figure 9-25. Signal Routing for Test Bus l\/laster 

9.7.4 Test Pattern Generation 

The easiest way to generate the test pattern is to use the QUICC CPU32+ to transfer the 
test pattern over its I/O pins using a bit-banging technique. 

The test pattern output data is written to the I/O ports, and therefore to the pins, by writing 
to the digital output ports (MTCK, MTMS, and MTDI); the result Is read back by simply 
reading the MTDO pin. A data area Is created in memory to hold the test pattern. The 
CPU32+ compares the result on the MTDO pin to the respective expected result in 
memory. 

Figure 9-26 shows an example of the pattern that would be stored in the memory array. 
The three leftmost columns are output signals written to the I/O port, and the right column 
Is the result expected to be read back. Since the clock signal is part of the pattern and not 
separately generated, both clock phases are represented, and thus two entries comprise 
each TCK clock cycle. 
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5. TCK cyde time 

6. TCK pulse width 



Figure 9-26. Bit Banging of Boundary Scan Pattern 
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The bit-banging pattern is created by writing and reading the array rows to the port as fast 
as the CPU allows. The instructions to implement the shaded part of Figure 9-26 
(indicated by "repeat") are listed below. They are needed to perform one test clock cycle 
along with the data signals. Assuming the output array address is located in address 
register AO, the input array address is in address register A2, with the I/O port located at 
address A1 and the length of the pattern in DO, one repeat cycle is as follows: 

LOOP MOVE.B (A0)+,(A1) WRITE ROW 8 

MOVE.B (A0)+,(A1) WRITE ROW 9 

MOVE.B (A1),(A2)+ READ ROW 9 

(Next, compare TDO read value to TDO of pattern and 
take desired action if the results do not match) 
DBcc DO.LOOP 

The loop is repeated as long as the test condition is false and the counter DO is more than 
-1 . The test condition can be set to always produce a false prior to entering the loop since 
the MOVE instructions do not set any flags. Assuming a 40-ns clock, this code loop has 
approximately a 500-kHz test clock frequency. 

The state machine is static, and all logic can be clocked between DC and the maximum 
device frequency. Additionally, there are no constraints on the clock duty cycle. 

All Inputs are sampled on the rising clock edge. Data must be valid during a setup time 
before the transition and a hold time after transition. Different input pins have different 
requirements, depending on whether they belong to the TAP or are normal I/O pins. 
Output pins change state on the falling clock edge and can be either high, low, or three- 
state. The exact I/O pin timings can be found in the AC Timing Specifications of this 
manual. 

The repeat pattern in Figure 9-26 is created to meet these requirements. In row 8, the 
data write pattern Is stable, and only the TCK pin changes state from to 1 . The data 
write pattern in row 9 sets up the data pattern for the next to 1 clock transition and 
changes the current clock state back to 0, thus enabling the TDO signal out of the external 
device. The data read pattern in row 9 reads the TDO into the microprocessor memory 
array, where it can be compared against the expected value. 
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9.8 INTERFACING AN MC68EC030 MASTER TO THE QUICC IN 
SLAVE MODE 

The following paragraphs describe the Interface to the QUICC using an MC68EC030 to 
replace the CPU32+ core on the QUICC. When the CPU32+ core on the QUICC is 
disabled, the QUICC is In slave mode. In slave mode, another external processor may be 
used instead of the on-chip CPU32+ core. The QUICC, however, has special features for 
providing a glueless Interface to an external MC68EC030 (as well as other M68030 and 
M68040 family members). 

The following paragraphs discuss both the hardware and software issues concerning this 
solution in a system that contains one MC68EC030 and one QUICC. It is also possible to 
interface more than one QUICC to an MC68EC030. 

9.8.1 MC68EC030 to QUICC Interface 

The following paragraphs discuss the hardware and software issues relating to the 
connection between the MC68EC030 and the QUICC. The features of the QUICC that 
may be used to assist the MC68EC030 are also detailed. Reference Figure 9-27 during 
this discussion. 

9.8.1.1 MCeSECOSO READS AND WRITES TO QUICC. The basic connection is made 
through the data and address bus. All 32 data lines are routed between devices, which is 
required for the connection. In slave mode, the QUICC is not allowed to use its 16-bit data 
bus mode. 

Twenty-eight address lines are routed between devices, giving a 256-Mbyte shared 
address capability. It is possible to share all 3 2 address lin es between devices, but the 
QUICC would then lose its write enable lines (WE3-WE0). Since these lines are very 
useful in memory interfaces, they are used in this application. 

When running in normal slave mode with an MC68EC030 master, the QUICC provides a 
few signal changes to support the MC68EC030. These signal changes allow the QUICC 
to monitor and control the system buses in a glueless manner. The cha nged bus signals 
are bus request (BR), bus grant (BG), and bus grant acknowledge (BGACK). When 
operating In normal slave mode, the di rection o f these signals is reversed. Therefore, BR 
Is an output; BG is an input. In addition, BGACK becomes an I/O signal, rather than just an 
input. 

9.8.1.2 CLOCKING STRATEGY. In this application, a single 25-MHz external oscillator is 
used to drive the QUICC and the MC68EC030, which allows the synchronous mode of the 
QUICC memory controller to be used. When considering buffering of outputs and board 
layout, designers need to consider the synchronous timing requirements of the QUICC. 
Designers considering the possibility of running asynchronously or with faster 
MC68EC030 clock speeds should reference paragraph 9.8.5 Using an MC68EC030 
Master with the QUICC. 
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Figure 9-27. MC68EC030 to QUICC Interface 
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It is important for the designer to dlstinguisli tiie difference between an IVIC68EC030 
accessing memory synchronously and the QUICC memory controller operating in 
synchronous mode. The MC68EC030 has the ability to access memory in standard 
asynchronous bus cycles (i.e., three clocks or longer) and synchronous bus cycles (two 
clocks). For MC68EC 030 asyn chronous accesses, the QUICC memory controller can 
generate chip selects, DSACKx, etc. However, the QUICC does not support MC68EC030 
synchronous bus cycles (nor does it support MC68EC030 bursting). This does not mean 
that the MC68EC030 cannot perform two-clock accesses in a QUICC system — only that 
the QUICC will not assist (i.e., generate chip selects, etc.) during these accesses. 

The QUICC memory controller can operate asynchronously or synchronously (defined by 
the BSTM bit in the MCR and the SYNC bit in the GMR). When the QUICC memory 
controller Is operating synchronously, the external signals being monitored are not 
synchronized internally by the QUICC, and must be provided with the proper setup and 
hold times. When the synchronous function is not enabled, externally generated bus 
signals are latched on the negative edge of the QUICC clock before being recognized, 
permitting external signals to be completely asynchronous to the QUICC clock. The 
QUICC memory controller is normally used in synchronous mode with the MC68EC030, 
even if the MC68EC030 is generating only asynchronous bus cycles. 

The QUICC clocking section allows for the clock oscillator to be kept running through the 
VDDSYN pin in a power-down situation, if desired. Low-power issues are not addressed. 

9.8.1.3 RESET STRATEGY. If a QUICC is configured to provide the global ch ip select, it 
will also provide an internal power-on r eset gen eration. Thus, the RESETH pin of the 
QUICC just needs to be connected to the RESET pin on the MC68EC0 30. If a p ushbutton 
switch is needed, it can be connected by an open-drain buffer to the RESET line, once 
debounced. 

9.8. 1.4 IN TERRUPTS. External interrupts may be brought into the QUICC through either 
the IRQx pins or parallel I/O pins. The QUICC prioritizes these interrupts with its own 
internally generated interrupts (e.g., timers) to obtain the current highest pending request. 
In slave mode, the QUICC can output this request to another processor in the system. 




The request can take the form of a single request pin or three request pins (IOUT2-I OUT0 ) 
that e nco de the priority o f the request. Since the MC68EC030 uses encoded inputs (IPL2- 
IPLO), the IOUT2-IOUT0 pins are chosen. 



In addition, the QUICC allows the IOUT2-IOUT0 pins to be generated in two different 
ways: at the expense of parity pins or at the expense of some interrupt requests. In this 
application, parity is not used in the system; thus, the parity pins are chosen for this 
function, leaving more interrupt pins available. 

Once the MC68EC030 recognizes the interrupt, it responds with an interrupt acknowledge 
cycle. The QUICC recognizes the MC68EC030 interrupt acknowledge cycle using the 
address and function code pins (FC3 -FC0). T he QUICC then responds by placing the 
vector on the bus or by outputting the AVECO signal to the MC68EC030, depending on 
what was programmed into the autovector register in the SIM60. 
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When th e QUICC is in slave mode, what is normally the AVEC pin (an input) becomes the 
AVECO pin (an output) for use with external processors. 

9.8.1.5 Bus Arbitration. When the QUICC is operating in slave mode with an 
l\/IC68EC030master, the QUICC bus arbitration pins match those of the MC68EC030. 
The QUICC BR is an output to the MC68EC030, and the QUICC BG is an input from the 
MC68EC030. 

NOTE 

If an MC68040 were the master, there is a special companion 
mode on the QUICC which would configure the QUICC bus 
arbitration pins to match those of the MC68040. 



In slave mode, the QUICC does not support the read-modify-write cycle (RMC). If support 
of read-modify-write Is necessary, it would be necessary for the designer to implement the 
functionality in external logic. 

The BR output from the QUICC is sent directly to the MC68EC030 in this system. If other 
bus masters were present, external hardware could determine their relative bus priority. 
The BCLRO func tion of t he QUICC is not used in this design because the BR pin is an 
output; therefore, BCLRO is not needed. 




The QUICC also has a bus clear in (BCLRI) signal that allows internal masters to be 
cleared off the bus. This pin can be used with the MC68EC030 IP END pin to give the 
MC68EC030 interrupts prionty over the QUICC internal masters. This function is not 
implemented in the design for the sake of using the alternat e functio n of the pin, the 
RAS1DD function. However, if it were implemented, the IPEND signal from the 
MC68EC030 would have to be latched and kept low by the MC68EC030 until completion 
of the Interrupt routine. (If it was not latched, the QUICC would take the bus back from the 
MC68EC030 as soon as t he inter rupt ackn owledge cycle was complete, which defeats the 
purpose of connecting the IPEND pin to the BCLRI pin.) 

9.8.1.6 BREAKPOINT GENERATION. In slave mode, the QUICC can be used to 
generate a breakpoint signal using its breakpoint address register. This register will 
respond to QUICC external master accesses. 



The result of a breakpoint is the assertion of the BKPTO pin on the QUICC. In this 
application, it was decided to route this output back to an interrupt input on the QUICC 
and generate a nonmaskable interrupt to the MC68EC030. 

9.8.1.7 BUS l\/IONITOR FUNCTION. In slave mode, the QUICC will monitor the bus for 
bus cycles that are not property terminated. The cycles can originate from the QUICC or 
the MC68 EC030. If the MC68 EC 030 ori ginates such a cycle and that cycle ti mes out 
without an AS, DSACKx, BERR, or HALT occurring, the QUICC will assert BERR back to 
the MC68EC030 to end the cycle. 

9.8.1.8 SPURIOUS INTERRUPT IVIONITOR. In slave mode, the QUICC will watch for 
spurious interrupt cycles generated by the MC68EC030, but only on the interrupt levels 
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that the QUICC supports i nternal ly (e.g., the level of the SIM60 and the level of the CPM). 
If such a condition occurs, BERR will be asserted by the QUICC. 

9.8.1.9 SOFTWARE WATCHDOG. If desired, the MC68EC030 can program the QUICC 
software watchdog to generate a level 7 interrupt or a system reset. In this application, the 
software watchdog is configured in software to generate a reset so that the breakpoint 
logic can use level 7 interrupts. No additional hardware is required because the 
connection between the reset pins of the QUICC and the MC68EC030 is already made. 

9.8.1.10 PERIODIC INTERVAL TIMER. If desired, the MC68EC030 can use the periodic 
interval timer on the QUICC to generate a system interrupt, such as for a real-time kernel. 
No additional hardware is required for this function. 

9.8.1.11 MC68EC030 CACHING CONFIGURATION. The MC68EC030 can cache or not 
cache data and program memory as desired. However, it is strongly advisable not to 
cache the data that is accessed by the QUICC serial channels because of the overhead 
incurred every time the cached data area is written. 

9.8.1.12 DOUBLE BUS FAULT. In slave mode, the QUICC double bus fault monitor is not 
operational. 

9.8.1.13 JTAG AND THREE-STATE. The QUICC provides IEEE1 149.1 test access ports, 
commonly known as JTAG. This interface uses five pins: TMS, TDI, TOO, TCK, and 
TRST. TMS and TDI are left unconnected because they have internal pullups. The JTAG 
ports of both parts are disabled in this application; however, the capability could be easily 
added. 



When the QUICC is In master mode, it provides a TRIG pin that allows all outputs on the 
device to be three-stated. In slave mode, this feature is not available since the QUICC is a 
peripheral of the system. 

9.8.1.14 QUICC SERIAL PORTS. The functions on QUICC parallel I/O ports A, B, and C 
may be used as desired in this application and have no bearing on the MC68EC030 
interface. However, any unused parallel I/O pins should be configured as outputs, so they 
are not left floating. 

9.8.2 Memory Interfaces 

In this application, a number of memory arrays have been developed for EPROM, flash 
EPROM, EEPROM, SRAM, and DRAM. Each memory interface can be attached to the 
system bus as desired. 

One issue not discussed is the decision of whether external buffers are needed on the 
system bus. This issue depends on the number of memory arrays used in the design and 
possibly the layout (i.e., capacitance) of the system bus. 

Another issue left to the user is the number of wait states used with each memory system. 
This depends on the memory speed, whether external buffers are used, and the loading 
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on the system bus pins. (The QUICC provides capacitance de-rating figures to calculate 
the effect of more or less capacitance on the AC Timing Specifications.) 

9.8.2.1 QUICC MEMORY INTERFACE PINS. In this design, a number of QUICC pins are 
available to the memory arrays (see Figure 9-27). These pins are active, regardless of 
whether the bus cycle was originated by the MC68EC030 or by one of the QUICC DMA 
cycles. The QUICC detects the MC68EC030 bus cycle by the AS pin. If the QUICC 
generates the bus cycle, the QUICC asserts the AS pin. 




Eight CSx or RASx pins are available in the system. In this d esign, CSO is used for any of 
the EPROM arrays since this is the global (b oot) chip se lect. RAS1 is used for the DRAM 
arrays because of its double-drive capability. CS2/RAS2 is not u sed in the design a nd is 
available for oth er pu r pose s, su ch as a second DRAM bank. CS3 is for SRAM arrays; CS4 
is for EEPROM. CSS, CS6, and CS7 are unused. 

In this design, it is assumed that the full 32-bit capability of the MC68EC030 is used; thus, 
all memory arrays are 32 bits wide. (The only exception to this is the EEPROM, which is 
handled differently. See 9.8.2.4 EEPROM.) 

This application note does not use the parity support provided by the QUICC. Therefore, 
the PRTY3-PRTY0 lines are available for their alternate functions. Parity support is 
available only if the SYNC bit in the GMR is set. 

The QUICC does not internally support MC68EC030 external master bursting. If the user 
wishes to implement bursting on a particular memory array, the bursting support must be 
generated externally. 



The DRAM arrays require the four CAS3-CAS0 pins. Also, since an external address 
multiplexer is used, the AMUX pin is required to select between rows and columns. If, 
however, the user's configuration does not require DRAM, the AMUX pin can be used as 
an OE pin instead. This would save an inverter in a number of memory arrays, making the 
memory interface completely glueless. 

NOTE 

Many memory arrays show an inverter on the R/W pin to 
create the OE signal. When using multiple memory arrays, it Is 
possible to share one inverter between multiple memory 
arrays; however, this configuration is not shown. 



The QUICC also provides four write enable (WEx) pins to select the correct byte during 
write operations. 

9.8.2.2 REGULAR EPROM OR FLASH EPROM. Figure 9-28 shows the glueless 
Interface to standard boot EPROM in the system. The assumption is made that only the 
MC68EC030 will access this array. The MC68EC030 offers dynamic bus sizing on-chip; 
thus, only an 8-bit EPROM is required. The CONFIG2-CONFIG0 pins on the QUICC can 
be pulled low through resistors to select slave mode with an 8-bit port size for the global 
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chip select. The QUICC will support DSACKx generation to the MC68030 according to an 
8-bit port size. 
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Figure 9-28. 1 28-Kbyte EPROM Bank— 8 Bits Wide 

Figure 9-29 shows the interface to flash EPROM devices. In this design, the assumption is 
made that only the MC68EC030 will access this array. The inverter is only required if 
DRAM is used elsewhere in the system. This design assumes that the write operations 
are CE controlled, rather than WE controlled. Most flash EPROM manufacturers now 
support this alternative timing method. 

NOTE 

The QUICC CONFIG2-CONFIG0 pins are shown selecting 
slave mode and a 32-bit port size for CSO. Thus, the 
CONFIG2-CONFIG0 pins as shown are appropriate for the 
flash EPROM, not the regular EPROM. 
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Figure 9-29. 1 -Mbyte Flash EPROM Bank-~32 Bits Wide 

9.8.2.3 REGULAR SRAM. Figure 9-30 shows the interface to SRAM, in this design, both 
the l\/IC68EC030 and the QUiCC may access the SRAiV! array. The inverter is only 
required if DRAIVI is used elsewhere in the system. The QUICC does not support bursting 
bytheMC68EC030. 
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Figure 9-30. 128-Kbyte Static RAM Banic— 32 Bits Wide 

9.8.2.4 EEPROI\/l. Figure 9-31 shows the interface to an EEPROIVI device to give a small 
amount of nonvolatile storage. In this case a byte-wide EEPROM bank is defined to 
minimize cost. If the port size of the chip select is selected to be 8-bits, then each byte of 



MOTOROLA 



MC68360 USER'S MANUAL 



9-85 



the EEPROM may be accessed in succession. The CS4 pin should be programmed to 
respond to an 8K byte area in this design. 

Only one byte should be written at a time. After a write is made, software is responsible for 
waiting the appropriate time (e.g. 10 ms) or for doing data polling to see if the newly 
written data byte Is correct. 
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Figure 9-31. 8-Kbyte EEPROM Bank— 8 Bits Wide 

9.8.2.5 DRAM SIMM. Figure 9-32 shows the interface to an MCM32100S DRAM single in- 
line memory module (SIMM). Both the MC68EC030 and the QUICC can access the 
DRAM. 

When the QUICC is a slave to an external MC68EC030, the address multiplexing for the 
DRAM must be done externally to the QUICC, which is accomplished in the three F157 
multiplexers. The external address multiplexing scheme is very simple and allows page 
mode operation to be provided for the MC68EC030, if desired. This multiplexing scheme 
externally provides, the same multiplexing method that the QUICC implements internally. 

NOTE 

This multiplexing scheme allows the use of page mode, but 
requires hardware modification if larger SIMMs are to be used 
on the board. If the user is interested in the latter, rather than 
the former, see the DRAM multiplexing scheme in 9.4 Using 
the QUICC MC68040 Companion Mode. 
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Figure 9-32. 4-Mbyte DRAM Bank— 32 Bits Wide 



This design also uses the RA S1 dou bie-drive capability, whereby the RAS1 DD signal is 
output by the QUI CC on the BCLRI pin to increase the effective drive capability of the 
RAS1 signal. The RAS1 line should be programmed to respond to a 4-Mbyte address 
space. 
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After power-on reset, the software must wait the required time before accessing the 
DRAIVI. The required eight read cycles must then be performed either in software or by 
waiting for the refresh controller to perform these accesses. 

9.8.2.6 DRAM DEVICES. Figure 9-33 shows the interface to a standalone DRAM device, 
in this case the MCM54260 256K x 16 DRAM device is chosen. This allows a full 32-blt 
wide DRAM solution using only two DRAM devices, with byte writes still supported using 
the upper and low er CAS pins. Both the MC68EC030 and the QUICC can access the 
DRAM array. The RAS1 line should be programmed to respond to a 1 -Mbyte address 
space. 

The address multiplexing scheme shown i s the sam e as that for the DRAM SIMM. No 
parity support is provided in this case. The RAS1DD signal is not used in this case, since 
only two devices are supported. 

After power-on reset, the software must wait the required time before accessing the 
DRAM, and then perform the required eight read cycles, either in software or by waiting 
for the refresh controller to perform these accesses. 

9.8.3 Software Configuration 

The following paragraphs discuss a number of key points for a software engineer desiring 
to initialize the system. The only items discussed are those that are required to allow the 
previously discussed hardware configuration. 

9.8.3.1 BASIC INITIALIZATION. The following register initializations are basic to all types 
of applications. 

The module base address register (MBAR) should be set as desired. However, the 
QUICC 8-Kbyte blocl< should not overlap any memory array. 

The module base address register enable (MBARE) should not be accessed. 

In the module configuration register (MCR), ASTM and BSTM should be set to indicate 
synchronous operation. SHEN1-SHEN0 should be cleared. 

In the system protection control register (SYPCR), DBFE should be cleared. BME should 
be set. If the software watchdog is used, the SWRI bit should be set. 

The periodic interrupt control register (PICR) may be set as desired. 

The port E pin assignment register (PEPAR) should be set to $5 1 CO. This configures 
three lOUTx lines to go out on the unused parity pins, the RAS1 DD pin, WE lines instead 
of the A31-A28 lines, the AMUX pin (assumi ng DR AM i s use d in t he syste m; othenwise, 
the OE function should be programmed), four CASx lines, CS7, and AVECO. 
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AI 

A2 

A3 YO 

BO Y1 

B1 Y2 

B2 Y3 

^SEL 


MAO 


A6 


AO 61 

A1 

A2 

A3 YO 

BO 11 

B2 Y3 
B3 SEL 


1 
MA4 


A10 


AO OE 

A1 

A2 

A3 YO 

BO Y1 

B1 Y2 

B2 Y3 

B3 SEL 


MAS 


A3 


A7 


All 


A4 


A8 




AS 


A9 




A12 


MAI 


A16 


MAS 


A20 


MA9 


A13 


MA2 


A17 


MA6 


A21 


MA10 


A14 


MA3 


A18 


MA7 




MA11 


A15 




A19 




















AMUX 


1 






1 






1 






COLUMN = A ROW = B 



NOTE: MA11-MA9 not used. 



Figure 9-33. 1 -Mbyte DRAM Bank— 32 Bits Wide 
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9.8.3.2 CONFIGURING THE MEMORY CONTROLLER. The following register 
initializations are for the memory controller. 

The global memory register (GMR) should be configured as follows: 

The RFCNT bits may be set as desired. At 25 MHz, an RFONT value of 24 (decimal) 
gives one refresh every 15.6 jxs. 

RFEN should be set. 

RCYC depends on the DRAM speed. At 25 MHz (an 80-ns DRAM SIMM), RCYC 
should be 00. 

PGS2-PGS0 should be set to 01 1 for the 1 M x 32 DRAM SIMM. 

DPS should be set to 00 (32-bit DRAM port size). 

WBT40 does not apply to this application. 

WBTQ depends on timing; it should be set for 80-ns MCM32100 SIMMs. 

DWQ should be set if page mode enabled (PGME = 1). 

DW40 does not apply to this application. 

EMWS is not used in synchronous mode. (SYNC = 1) 

SYNC should be set for a synchronous operation of the memory controller. 

OPAR does not apply to this application. 

PBEE does not apply to this application. 

TSS40 does not apply to this application. 

NCS should normally be cleared. 

GAMX should be cleared for an external master system. 

The memory controller status register (MSTAT) is used for reporting write protect and 
parity errors and does not require initialization. 
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The eight base registers (BRs), one for each memory bank, should be configured as 
follows: 

The BA27-BA1 1 bits may be set as desired. Different memory arrays should not 
overlap. BA31-BA28 should be cleared since the byte write lines are used with an 
external master in the system. 

For simplicity, FC3-FC0 can be cleared. 

TRLXQ depends on timing of memory/peripheral. 

BACK40 does not apply to this application. 

CSNT40 does not apply to this application. 

CSNTQ should normally be cleared. 

PAREN should be cleared since parity is not used in this application. 

WP should be set for EPROM and flash EPROM; otherwise, it should be cleared. 

V should be set if the memory bank is used. 

The eight option registers (ORs), one for each memory bank, should be configured as 
follows: 

The TCYC bits should be set to determine the number of wait states required. 

The AM2 7-AM 1 1 bits should be programmed to determine the block size of the chip 
select or RASx line. This should be the total number of bytes in each memory array 
except for the EEPROM, which should be 32 Kbytes, rather than 8 Kbytes. 



FCM3-FCM0 may be set to all ones to allow the chip select or RASx line to assert on all 
function codes except CPU space (interrupt acknowledge). It is advisable to program 
FCM3-FCM0 to ones, at least during the initial stages of debugging. 

BCYC1-BCYC0 is not applicable. 

PGIVIE should be set to enable page mode and cleared otherwise. 

SPS1-SPS0 should be cleared (32-bit SRAM port). 

DSSEL should be set only if this is a DRAIVI bank. 

9.8.4 Interfacing Multiple QUICCs to an MC68EC030 

It is possible to interface multiple QUICCs to an MC68EC030. The first QUICC can be 
configured as previously shown in this subsection. Additional QUICCs should be 
configured as noted in the following list: 

• The additional QUICCs should have their CONFIG2-CONFIG0 pins configured for 
slave mode, global chip select disabled, and MBAR at $003FF04. 




• The MBAR of the additional QUICCs should be programmed using the MBARE pin 
and MBARE register as described in the Section 6 System Integration Module 
(SIM60). 

• An external bus arbiter is required to take the bus request of the additional QUICC 
(which is an output because of the CONFIG2-CONFIG0 pins) and prioritize it with the 
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other QUICCs, present it to the MC68EC030, and issue a bus grant to the appropriate 
QUICC. 




• An external interrupt prioritizer is required to determine which QUICC IOUT2-IOUT0 
pins are currently routed to the l\/IC68EC030. Alte rnatively , the additional QUICC 
should have its interrupts brought out on a single RQOUT pin, which is routed to one 
of the original QUICC interrupt inputs. This would eliminate the external logic. 

• The additional QUICCs should not be configured to perform any memory controller 
support functions for the MC68EC030. Only the original QUICC should be used for 
this purpose. 

9.8.5 Using a Higher Speed l\/IC68EC030 l\/!aster witli the QUICC 

It is possible to interface an MC68EC030 and QUICC through an asynchronous bus. This 
should allow an external master to operate at higher frequencies than those of the QUICC 
with minimal effort. As of this writing, the QUICC top frequency is 25 MHz; whereas, 
MC68EC030S are available up to 40 MHz. One potentially attractive option for a designer 
would be to consider disabling the CPU32+ core and increasing system performance by 
adding a 40-MHz MC68EC030 asynchronously. While this option is available. It Is 
important for the designer to consider what effects a higher speed MC68EC030 would 
ultimately have on system cost and performance over using the QUICC CPU32+ at a 
lower frequency. 

For the designer to take full advantage of a high-speed MC68EC030, it will be necessary 
to add additional glue to that shown in Figure 9-27. The additional circuitry takes the form 
of a DRAM controller, which is used instead of using the QUICC memory controller. The 
need for the additional logic is twofold. First, if the QUICC memory controller capabilities 
are used, all memory accesses would be at the clock rate of 25 MHz. In addition, since the 
MC68EC030 signals must be synchronized internally with the QUICC, additional wait 
states will be introduced. For applications with any significant level of external memory 
accesses, this would limit the additional cost/performance benefit of a 40-MHz 
MC68EC030. The second reason for needing an external DRAM controller is found by 
taking a closer look at how the QUICC memory controller would interface with a high- 
speed MC68EC030. 

The signal interaction that would occ ur if two c onsecutive writes were performed is shown 
in Figure 9-27. After the assertion of DSACKx b y the QUICC on a 25-MHz edge, the 40- 
MHz MC68EC030 would recognize DSACKx on the next falling 40-MHz edge, and 
proceed to negate AS one cycle after that. The problem is that the MC68EC030 begins 
another write cycle_one-half MC68EC030 clock cycle later, and one-half clock cycle into 
that write cycle, AS is asserted. In asynchronous mode, since external signals are 
synchronized to the QUICC on QUICC falling clock edges, at 25 MHz there is no 
guarantee that the QUICC will see the negated AS, which is present for only one 
MC68EC030 cycle (25 ns). 

To take advantage of the QUICC memory controller capabilities, it would be necessary for 
designers to address issues like this. This task would need to be done with external 
hardware, such as a state machine, to ensure conformity to the QUICC electrical 
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specifications. A second option would be to use an external memory controller and use 
the QUICC to generate only the chip selects. Either option will require additional 
hardware. 

Designers considering an asynchronous interface also need to address timing Issues 
associated with using the QUICC memory controller capabilities. When the QUICC 
provides the bus control for a system, it is offered at the speed of the QUICC. Therefore, a 
40-MHz MC68EC030 will access the bus at 25 MHz. In addition, since the MC68EC030 
signals must be synchronized with the QUICC, additional wait states will be Introduced. 
Since the exact timing will depend on the type and speed of memory access, no 
exhaustive analysis is provided. The primary advantage of an MC68EC030 over the 
CPU32+ would be the onboard cache and the new instructions. Whether this advantage 
would outweigh the potential timing disadvantages will vary depending on system 
hardware and software considerations. 

In any case, the QUICC makes a valuable peripheral chip in an MC68030-based design 
because of the wealth of serial functions it offers, even if the memory controller on the 
QUICC Is not extensively used in such a design. 
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9.9 PUTTING A BACKGROUND DEBUG MODE CONNECTOR ON A 
TARGET BOARD 

The QUICC, as well as other members of the M68300 family of integrated processors, 
contains a background debug mode (BDM). The BDM is essentially a debugger that is 
built into the CPU32+ on the QUICC. The user can communicate with the CPU32+ 
through the BDM port on the QUICC. 

The BDM pins on the QUICC can be used in a number of ways. First, emulator 
manufacturers use these pins in the development of their QUICC emulator products. This 
use of the BDM pins is usually unseen and completely transparent to the user. Second, 
vendors of debug monitors use the BDM pins for offering low-cost debug monitor 
products. In this way, the target board can be monitored and debugged using a debugger 
resident on a PC. Third, some users develop their own BDM interface software to solve 
special debugging and testing needs (such as in-field debugging). In the second and third 
cases, the target board needs to provide the BDM pins exposed so that an external 
monitor/debugger can connect to the target board. Figure 9-34 simply shows a standard 
connector for use with BDM equipment. 

The standard connector originally an 8-pin connector, has been expanded to 10 pins as 
shown in Figure 9-34. This connector is sometimes referred to as the Berg connector. It 
has the standard 0.1 -inch spacing between pins. The original 8 pins on the connector are 
the lower 8 pins (pins 3-10). If a debug monitor provides an 8-pin BDM connector, it 
should be plugged onto the original 8 pins. The additional 2 pins were added to allow 
hardware breakpoints to be implemented using the BDM connector. Since the QUICC 
contains an on-chip breakpoint address register with masking, this function can be 
implemented on-chip. To do this, the user can load the breakpoint address register in the 
SIM60 using the debugger commands (or under normal program control). Once execution 
of the program resumes, an address breakpoint then causes the QUICC to reenter BDM. 



2BERR 
4 BKPT/DSCLK 
6 FREEZE 
8 IFETCH/DSI 
10 IPIPEO/DSO 



NOTES: 



OS 1 


o o 


GND3 


o o 


GND5 


o o 
o o 


RESETH 7 


VDD9 


o o 



1. On other M68300 family devices RESETH is simply RESET, 
and IPIPEO is simply IPIPE. 

2. The original 8-pin connector consists of pins 3 through 10. 



Figure 9-34. BDM Connector 
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SECTION 10 

ELECTRICAL CHARACTERISTICS 

This section contains detailed Information on power considerations, DC/AC electrical 
characteristics, and AC timing specifications of the MC68360. Refer to Section 11 
Ordering Information and l\/lec>ianical Data for specific part numbers corresponding to 
voltage, frequency, and temperature ratings. 



10.1 MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage''' 2 


vcc 


-0.3 to +6.5 


V 


Input Voltage^ -2 


Vin 


-0.3 to +6.5 


V 


Operating Temperature Range 


ta 


0to70 

or 

-40 to +85 


°c 


storage Temperature Range 


Tstg 


-55 to +150 


»G 



NOTES: 



This device contains protective 
circuitry against damage dge to 
high static voltages or electrical 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltages 
higher than maximum-rated 
voltages to this high-impedance 
circuit. Reliability of operation is 
enhanced if unused inputs are 
tied to an appropriate logic 
voltage level (e.g., either GND 
orVoo). 



1 . Permanent damage can occur if maximum ratings are exceeded. Exposure 
to voltages or currents in excess of recommended values affects device 
reliability. Device modules may not operate normally while being exposed to 
electrical extremes. 

2. Although sections of the device contain circuitry to protect against damage 
from high static voltages or electrical fields, take normal precautions to 
avoid exposure to voltages higher than maximum-rated voltages. 

The following ratings define a range of conditions in which the device will operate without 
being damaged. However, sections of the device may not operate normally while being 
exposed to the electrical extremes. 

1 0.2 THERMAL CHARACTERISTICS 




Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance — Junction to Case 
240-Pin QFP 
241-Pin PGA 


ejc 


TBD 
TBD 


°C/W 


Thermal Resistance — Junction to Ambient 
240-Pin QFP 
241 -Pin PGA 


ejA 


TBD 
TBD 


"cm 
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10.3 POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in **C can be obtained from: 

Tj = TA + (PD-ejA) (1) 

where: 

Ta = Ambient Temperature, *C 

GjA = Package Thermal Resistance, Junction-to-Ambient, °Cl\N 

PD = P|NT + P|/0 

Pint = IccxVcc. watts— Chip internal Power 

P|/0 = Power Dissipation on Input and Output Pins— User Determined 

For most applications, P|/o < 0.3*P|NT and can be neglected. 

An approximate relationship between Pd and Tj (if P|/o is neglected) Is: 

pd = K + (Tj + aya^'C) (2) 

Solving Equations (1) and (2) for K gives: 

K = PD«(TA + 273*C) + ejA«PD2 (3) 

where K Is a constant pertaining to the particular part. K can be determined from equation 
(3) by measuring Pd (at thermal equilibrium) for a known Ta- Using this value of K, the 
values of Pd and Tj can be obtained by solving Equations (1) and (2) Iteratlvely for any 
value of Ta. 

10.4 AC ELECTRICAL SPECIFICATION DEFINITIONS 

The AC specifications presented consist of output delays, Input setup and hold times, and 
signal skew times. All signals are specified relative to an appropriate edge of the clock and 
possibly to one or more other signals. 

The measurement of the AC specifications is defined by the waveforms shown In Figure 
10-1. To test the parameters guaranteed by Motorola, inputs must be driven to the voltage 
levels specified In the figure. Outputs are specified with minimum and/or maximum limits, 
as appropriate, and are.measured as shown. Inputs are specified with minimum setup and 
hold times and are measured as shown. Finally, the measurement for signal-to-slgnal 
specifications are shown. 

Note that the testing levels used to verify conformance to the AC specifications do not 
affect the guaranteed DC operation of the device as specified in the DC electrical 
characteristics. 
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CLKOUT 



/ToV \. / ^^ 2.0V 

\ 0.8V -f - . ^ ^ 0.8V 



OUTPUTS(I) ^,^^2. „ 
* ' OUTPUT " 



2.0 V- 



0.8 V- 




2.0 V 
0.8 V 



VALID 
OUTPUT n-^1 



0UTPUTS(2) 



INPUTS(3) 




■^"^ 



VALID 
OUTPUT n 



2.0 V 



0.8 V 



2.0 V 
0.8 V 



VALID 
INPUT 



2.0 V 
0.8 V 



INPUTS(4) 



ALLSIGNALS(5) 



3: 




2.0 V 



0.8 V 



VALID 
OUTPUT n+1 




->"<- 



2.0 V 
0.8 V 



VAUD 
INPUT 



2.0 V 
0.8 V 




DRIVE 
TO 2.4 V 



DRIVE 
TO 0.5 V 




2.0 V 
0.8 V 





2.0 V 
0.8 V 



NOTES: 

1 . This output timing is applicable to all parameters specified relative to the rising edge of the clocl(. 

2. This output timing is applicable to all parameters specified relative to the falling edge of the ciocl(. 

3. This input timing is applicable to all parameters specified relative to the rising edge of the clocl(. 

4. This input timing is applicable to ail parameters specified relative to the falling edge of the clock. 

5. This timing is applicable to all parameters specified relative to the assertion/negation of another signal. 

LEGEND: 

A. Maximum output delay specification. 

B. Minimum output hold time. 

C. Minimum input setup time specification. 

D. Minimum input hold time specification. 

E. Signal valid to signal valid specification (maximum or minimum). 

F. Signal valid to signal invalid specification (maximum or minimum). 

Figure 10-1. Drive Levels and Test Points for AC Specifications 
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10.5 DC ELECTRICAL SPECIFICATIONS (GND = OVdc,TA = to 70°C; The electrical 
specifications in tliis document are preliminary; see numbered notes) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input High Voltage (except EXTAL) 


V|H 


2.0 


Vcc 


V 


input Low Voltage 


V|L 


GND 


0.8 


V 


EXTAL Input High Voltage 


V|HC 


0.7.(Vcc) 


Vcc+0.3 


V 


Undershoot 


— 


— 


-0.8 


V 


input Leakage Current (Ail Input Only Pins) Vjn = Vcc ^"^ ^^^ 


■in 


-2.5 


2.5 


mA 


Hi-Z (Off-State) Leakage Current (All Noncrystal Outputs and I/O Pins) 
Vjn = 0.5/2.4 V 


lOZ 


-20 


20 


^A 


Signal Low Input Current 

V|L = 0.8 V 
Signal High Input Current 

V|H = 2.0V 


IL 
IH 


-0.015 
-0.015 


0,2 
0.2 


mA 
mA 


Output High Voltage 

lOH = -0-8 mA. Vcc = 4.75 V 

All Noncrystal Outputs except open drain pins 


VOH 


2.4 


" 


V 


Output Low Voltage 


Vol 




0.5 
0.5 

0.5 

0.5 
0.5 


V 


l0L = 2.0 mA CLK01-2 .FREEZE. IPIPEO-I.IFETCH.BkPTO 

lOL = 3.2 mA A31-A0, D31-D0. FC3-0, SiZO-1 , 

PAO, 2, 4, 6. 8-15. PBO-5. PB8-17, PCO-1 1, 

TOO. PERR. PRTYO-3, IOUTO-2. AVECO 

iOL = 5.3 mA CAS3-6, DSACKO-1 , R/W, AS, DS, OE, RMC, 

BG, BGACK, BLORO. RASO-7, BERR 

lOL = 7 mA TXD1-4 


lOL =8.9 mA PB6, PB7, HALT. RESET. BR(output) 


input Capacitance 
All I/O Pins 


Cin 


— 


20 


PF 


Load Capacitance (except CLK01-2) 


cl 


— 


100 


PF 



10.6 AC POWER DISSIPATION 



Characteristic - Power 
Dissipation (5 volt) 


Symbol 


System Clock 
Freq 


BRGCLK Clock 
Freq 


SyncCLK 
Clock Freq 


Typ 


Max 


Unit 


Normal mode 


pd 


25 MHz 


25 MHz 


25 MHz 


300 




ma 


Low Power Mode 


pdsb 


Divide by 2 
12.5 MHz 


Divide by 16 
1.56 MHz 


Divide by 2 
12.5 MHz 


160 




ma 


Low Power Mode 


pdsb 


Divide by 4 
6.25 MHz 


Divide by 16 
1.56 MHz 


Divide by 4 
6.25 MHz 


85 




ma 


Low Power Mode 


Pdsb 


Divide by 16 
1.56 MHz 


Divide by 16 
1.56 MHz 


Divide by 4 
6.25 MHz 


35 




ma 


Low Power Mode 


Pdsb 


Divide by 256 
97.6 KHz 


Divide by 16 
1.56 MHz 


Divide by 4 
6.25 MHz 


20 




ma 


Low Power Mode 


Pdsb 


Divide by 256 
97.6 KHz 


Divide by 64 
390 KHz 


Divide by 64 
390 KHz 


10 




ma 


Low Power Stop 
VCOOff 


pdsp 








0.5 




ma 


PLL Supply Current 
PLL Disabled 
PLL Enabled 


Pdpd 
Pdpe 








tbd 
tbd 
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10.7 AC ELECTRICAL SPECIFICATIONS CONTROL TIMING (GND=ovdc.TA = o 

to 70°C; The electrical specifications in this document are preliminary; See Figure 10-2) 



Num. 


Characteristic 


Symboi 


3.3v 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 lUIHz 


25IU1HZ 


33.34 MHz 


Min 


Max 


l\Ain 


Max 


Min 


Max 




System Frequency 


fsys 






dci 


25,00 






MHz 




Crystal Frequency 


fXTAL 






25 


6000 






kHz 




On-Chip VCO System Frequency 


fsys 






20 


50 






MHz 




Start-up Time 

With external clock (oscillator disabled) or 
after changing the multiplication factor MF. 
With external crystal oscillator enabled. 


tpll 
lose 








2500 
TBD 






elks 




CLK01-2 stability 


ACLK 






TBD 


TBD 






% 


1 


CLK01 Period 


tcyc 






40 


— 






ns 


1A 


EXTAL Duty Cycle, MFi 5 


tdcyc 






40 


60 






% 




EXTAL Duty Cycle, MF < 5, and user 
requires specifications 5B or 5C. 


tdcyc 






49 


51 






% 


1C 


External Clock Input Period 


^EXTcyc 






40 


— 






ns 


2,3 


CLK01 Pulse Width (measured at 1.5v) 


tcwi 






19 


— 






ns 


2A, 3A 


CLK02 Pulse Width (measured at 1.5v) 


tCW2 






9.5 


— 






ns 


4,5 


CLK01 Rise and Fall Times (full drive) 


tCrt1 






— 


2 






ns 


4A, 5A 


CLK02 Rise and Fall Times (full drive) 


tCrf2 






— 


1.6 






ns 


5B 


EXTAL to CLK01 skew— PLL enabled 
(MF<5) 


^EXTPI 








+1-2 






ns 


5C 


EXTAL to CLK02 skew— PLL enabled 
(MF<5) 


tEXTP2 








+1-2 






ns 


5D 


CLK01 to CLK02 skew 


^CSKW 








2 






ns 



Note: 1 . Note that the minimum VCO frequency and the PLL default values put some restrictions on the minimum 
system frequency. 

(1A^ >\ 



EXTAL 
(INPUT) 



/ 



®^ 



CLK01 
(OUTPUT) 



CLK02 
(OUTPUT) 



(5>. 



®^ 



/ 



&^ 



(5B>-^ 



:^=0: 



@^ 



_^^L/^C^V^^A. 



-t<g) 



-*-{g)^- 




h=\ 



VOLTAGE MIDPOINT 



o 



.r—\ 



-® 




MOTOROLA 



Figure 10-2. Clock Timing 
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10.8 EXTERNAL CAPACITOR FOR PLL 



Characteristic 


Symbol 


3.3V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 lUIHz 


25iVIHz 


33.34 iUIHz 


lUlIn 


Max 


lUIin 


lUlax 


iUlin 


lUIax 


PLL external capacitor (XFC to VCCSYN) 


CXFC 
















MF<5 (recommended value MF x 400 pF) 








MFx340 


I^Fx480 






pF 


MF>5 (recommended value MF x 540 pF) 








MFxSSO 


MFx970 






pF 




Note: 1. MF - multiplication factor. 

Examples: 

1 . M0DCK1 pin = 0, MF = 1 => cxfc = 400 pF 

2. M0DCK1 pin = 1 , crystal is 32.768 KHz (or 4.192 IVIHz), initial MF = 401 , initial 
frequency =13.14 MHz, later on MF is changed to 762 to support a frequency of 25 
MHz. 

Minimum cxfc is: 762 x 380 = 289 nF, maximum cxpc is: 401 x 970 = 390 nF. The 
recommended cxfc for 25 MHz is: 762 x 540 = 414 nF. 

289 nF < CXFC < 390 nF and closer to 414 nF. The proper available value for cxfc is 
390 nF. 

3. M0DCK1 pin = 1, crystal is 32.768 KHz (or 4.192 MHz), initial MF = 401, initial 
frequency =13.14 MHz; later, MF is changed to 1017 to support a frequency of 33.34 
MHz. 

Minimum cxfc is: 1017 x 380 = 386 nF. Maximum cxfc is: 401 x 970 = 390 nF =* 
386 nF < CXFC < 390 nF. 

The proper available value for cxfc is 390 nF. 

3A. In order to get higher range, higher crystal frequency can be used (I.e. 50 KHz), in 
this case: 

Minimum cxfc is: 667 x 380 = 253 nF. Maximum cxfc is: 401 x 970 = 390 nF => 253 
nF < CXFC < 390 nF. 
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10.9 BUS OPERATION AC TIMING SPECIFICATIONS 

this document are preliminary; See Figures 10-3-10-19) 



(The electrical specifications In 



Num. 


Characteristic 


Symbol 


3.3 V 


3.3 V/5.0 V 


5.0 V 


Unit 


16.67 IVIHZ 


25.0 MHz 


33.34 MHz 


lUlin 


IVIax 


Min 


IVIax 


Min 


Max 


6 


CLK01 High to Address, FC, SIZ, RMC Valid 


tCHAV 









15 






ns 


6A 


CLK01 High to Address Valid 
(GAMX=1 ;Page Mode Enabled) 


tCHAV 









20 






ns 


7 


CLK01 High to Address, Data, FC, SIZ, RMC 
High Impedance 


tCHAZx 









40 






ns 


8 


CLK01 High to Address, FC, SIZ, RMC 
Invalid 


tCHAZn 









— 






ns 


9 


CLK01 Low to AS, DS, OE. WE, IFETCH, 
IPIPE,IACKx Asserted 


tCLSA 






3 


20 






ns 


glO 


CLK01 Low to CSx/RASx Asserted 


tCLSA 






4 


16 






ns 


9B11 


CLK01 High to CSx/RASx Asserted 


tCHCA 






4 


16 






ns 


9A2.10 


AS to DS or CSx/RASx or OE Asserted 
(Read) 


tSTSA 






-6 


6 






ns 


9C^.^^ 


AS to CSx/RASx Asserted 


tSTCA 






14 


26 






ns 


iiio 


Address, FC, SIZ, RMC Valid to AS, 
CSx/RASx , OE, WE (and DS Read) Asserted 


tAVSA 






10 


— 






ns 


11A11 


Address, FC, SIZ, RMC Valid to CSx/RASx 
Asserted 


tAVCA 






35 


— 






ns 


1212 


CLK01 Low to AS, DS, OE, WE, IFETCH, 
IPIPE, lACKx Negated 


tCLSN 






3 


20 






ns 


12^6 


CLK01 Low to CSx/RASx Negated 


tCLSN 






4 


16 






ns 


12A1^.16 


CLK01 High to CSx/RASx Negated 


tCHCN 






4 


16 






ns 


I3I2 


AS. DS, CSx, OE, WE, lACKx Negated to 
Address, FC, SIZ Invalid (Address Hold) 


tSNAI 






10 


— 






ns 


13a13 


CSx Negated to Address, FC, SIZ Invalid 
(Address Hold) 


tCNAI 






30 


— 






ns 


I4IO.I2 


AS, CSx, OE, WE (and DS Read) Width 
Asserted 


tSWA 






70 


— 






ns 


14C11.13 


CSx Width Asserted 


tCWA 






35 


— 






ns 


14A 


DS Width Asserted (Write) 


tSWAW 






35 


— 






ns 


14B 


AS, CSx. OE. WE, lACKx (and DS Read) 
Width Asserted (Fast Termination Cycle) 


tSWDW 






35 


— 






ns 


14D13 


CSx Width Asserted (Fast Termination Cycle) 


tCWDW 






15 


— 






ns 


153,16,13 


AS, DS, CSx, OE, WE Width Negated 


tSN 






35 


— 






ns 


16 


CLK01 High to AS, DS, R/W High 
Impedance 


tCHSZ 






— 


40 






ns 


I7I2 


AS, DS. CSx, WE Negated to RW High 


tSNRN 






10 


— 






ns 


17A13 


CSx Negated to R/W High 


tCNRN 






35 


— 






ns 


18 


CLK01 High to R/W High 


tCHRH 









20 






ns 


20 


CLK01 High to R/W Low 


tCHRL 









20 






ns 


21IO 


RM High to AS, CSx, OE Asserted 


tRAAA 






10 


— 






ns 
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10.9 BUS OPERATION AC TIMING SPECIFICATIONS (Continued) 



Num. 


Characteristic 


Symbol 


3.3 V 


3.3 V/5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


MIn 


Max 


MIn 


Max 


21A''l 


FVW High to CSx Asserted 


tRACA 






30 


— 






ns 


22 


R/W Low to DS Asserted (Write) 


tRASA 






47 


— 






ns 


23 


CLK01 High to Data-Out, Parity-Out Valid 


tCHDO 






— 


20 






ns 


24I2 


Data-out, Parity-Out Valid to Negating Edge of 
AS, CSx, WE, (Fast Termination Write) 


tDVASN 






10 


— 






ns 


25I2 


DS, CSx, WE Negated to Data-Out, Parity-Out 
Invalid (Data-Out, Parity-Out Hold) 


tSNDOl 






10 


— 






ns 


25A13 


CSx Negated to Data-Out, Parity-Out Invalid 
(Data-Out, Parity-Out Hold) 


tCNDOl 






35 


— 






ns 


26 


Data-Out, Parity-Out Valid to DS Asserted 
(Write) 


tDVSA 






10 


— 






ns 


27I5 


Data-in, Parity-ln to CLK01 Low (Data Setup) 


tDICL 






1 


— 






ns 


27614 


Data-in, Parity-ln Valid to CLK01 Low (Data 
Setup) 


tDICL 






20 


— 






ns 


27A 


Late BERR, HALT, BKPT Asserted to CLK01 
Low (Setup Time) 


tBELCL 






10 


— 






ns 


28 


AS, DS Negated to DSACKx, BERR, HALT 
Negated 


tSNDN 









50 






ns 


294 


DS, CSx, OE Negated to Data-in, Parity-ln 
Invalid (Data-in, Parity-ln HQ)d) 


tSNDI 









— 






ns 


29A4 


DS, CSx, OE Negated to Data-in High 
Impedance 


tSHDI 






— 


40 






ns 


304 


CLK01 Low to Data-in, Parity-ln Invalid (Fast 
Termination Hold) 


tCLDI 






10 


— 






ns 


30A4 


CLK01 Low to Data-in High Impendance 


tCLDH 






— 


60 






ns 


31S.I 
5 


DSACKx Asserted to Data-in, Parity-ln Valid 


tDADI 






— 


32 






ns 


31A 


DSACKx Asserted to DSACKx Valid (Skew) 


tDADV 






— 


10 






ns 


31 B5. 
14 


DSACKx Asserted to Data-in, Parity-ln Valid 


tDADI 






— 


35 






ns 


32 


HALT and RESET Input Transition Time 


tHRrf 






— 


140 






ns 


33 


CLK01 High to BG Asserted 


tCLBA 






— 


20 






ns 


34 


CLK01 High to BG Negated 


tCLBN 






— 


20 






ns 


356 


BR Asserted to BG Asserted (RMC Not 
Asserted) 


tBRAGA 






1 


— 






CLK01 


37 


BGACK Asserted to BG Negated 


tGAGN 






1 


2.5 






CLK01 


39 


BG Width Negated 


tQH 






2 


— 






CLK01 


39A 


BG Width Asserted 


tGA 






1 


— 






CLK01 


46 


R/W Width Asserted (Write or Read) 


tRWA 






100 


— 






ns 


46A 


R/W Width Asserted (Fast Termination Write or 
Read) 


tRWAS 






75 


— 






ns 


47A 


Asynchronous Input Setup Time 


tAIST 






5 


— 






ns 


47B 


Asynchronous Input Hold Time 


tAIHT 






10 


— 






ns 
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10.9 BUS OPERATION AC TIMING SPECIFICATIONS (Continued) 



Num. 


Characteristic 


Symbol 


3.3 V 


3.3 V/5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


486.^ 


DSACKx Asserted to BERR, HALT Asserted 


tDABA 






— 


30 






ns 


53 


Data-out, Parity-Out Hold from CLK01 High 


tDOCH 









— 






ns 


54 


CLK01 High to Data-Out. Parity-Out High 
Impedance 


tCHDH 






— 


20 






ns 


55 


R/W Asserted to Data Bus Impedance Change 


tRADC 






25 


— 






ns 


56 


RESET Pulse Width (Reset Instruction) 


tHRPW 






512 


— 






CLK01 


56A 


RESET Pulse Width (Input from External 
Device) 


tRPWI 






590 


— 






CLK01 


57 


BERR Negated to HALT Negated (Rerun) 


^BNHN 









— 






ns 


60 


CLK01 High to BCLRO Asserted 


tCHBCA 






— 


20 






ns 


61 


CLK01 High to BCLRO Negated 


tCHBCN 






— 


20 






ns 


629 


BR Synchronous Setup Time 


tBRSU 






5 


— 






ns 


639 


BR Synchronous Hold Time 


tBRH 






10 


— 






ns 


649 


BGACk Synchronous Setup Time 


tBGSU 






5 


— 






ns 


659 


BGACK Synchronous Hold Time 


tBGH 






10 


— 






ns 


70 


CLK01 Low to Data Bus Driven (Show Cycle) 


tSCLDD 





60 





30 





20 


ns 


71 


Data Setup Time to CLK01 Low (Show Cycle) 


tSCLDS 






10 


— 






ns 


72 


Data Hold from CLK01 Low (Show Cycle) 


tSCLDH 






6 


— 






ns 


73 


BKPT Input Setup Time 


^BKST 






10 


— 






ns 


74 


BKPT Input Hold Time 


tBKHT 






6 


— 






ns 


75 


Config2-0, MOD1-0, B16M Setup Time 


*MST 






20 


— 






ns 


76 


Config2-0. MOD1-0. 81 6M Hold Time 


<MSH 









— 






ns 


80 


DSI Input Setup Time 


^DSISU 






10 


— 






ns 


81 


DSI Input Hold Time 


bSIH 






6 


— 






ns 


82 


DSCLK Setup Time 


bscsu 






10 


— 






ns 


83 


DSCLK Hold Time 


bSCH 






6 


— 






ns 


84 


DSO Delay Time 


'dsod 






— 


tcyc 
+ 16 






ns 


85 


DSCLK Cycle 


bSCCYC 






2 


— 






*BKST 


86 


CLK01 High to FREEZE Asserted 


*FRZA 









35 






ns 


87 


CLK01 High to FREEZE Negated 


tpRZN 









35 






ns 


88 


CLK01 High to IFETCH High Impedance 


t|FZ 









35 






ns 


89 


CLK01 High to IFETCH Valid 


t|F 









35 






ns 


90 


CLK01 High to PERR Asserted 


*CHPA 









20 






ns 


91 


CLK01 High to PERR Ngated 


tCHPN 









20 






ns 



NOTES: 

1 . All AC timing is shown with respect to 0.8 V and 2.0 V levels unless otherwise noted. 

2. This number can be reduced to 5 ns if str obes have equal loads. 

3. If multiple chip selects are used, the CSx width negated (#1 5) applies to the time from the negation of a heavily 
loaded chip select to the assertion of a lightly loaded chip select. 
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4. These hold times are specified with respect to DS or CSx on asynchronous reads and with respect to CLK01 on 
fast termination reads. The user is free to use either hold time for fa st termina tion reads. 

5. If the asy nchro nous se tup time (#47) requirements are satisfied, the DSACKx low to data setup time (#31) and 
DSACKx low to BERR low setup time (#48) c an be ig nored. The data must on ly satis fy the data-in to CLK01 low 
setup time (#27) for the following clock cycle: BERR must only satisfy the late BERR low to CLK01 low setup 
time (#27A) for the following clock cycle. 

6. To ensure coherency during every operand trans fer, BG will not be asserted in response to BR until after cycles 
of the current ope rand transfer are complete and RMC is negated. 

7. in the absence of DSACKx, BERR is an asynchronous input using the asynchronous setup time (#47). 

8. During interrupt acknowledge cycles, the processor may insert up to two wait states between states SO and SI . 

9. These spec s are for Synchronous A rbitratio n o nly. ASTM =1. 

10. These CSx specs are for TRLX=0. If RASx and RASxDD are connected together, reduce max value of RASx 
specifi catio n by 1 .5ns. 

1 1 . These CSx specs are for TRLX=1 . If RASx and RASxDO are connected together, reduce max value of RASx 
specifi catio n by 1 .5ns. 

12. These CSx specs are for CSNTQ=0. 

1 3. These CSx specs are for CSNTQ=1 ; or RASx specs for DRAM accesses. 

14. These specs are read cycles with parity check and PBEE=1 . 

1 5. These specs are read cycles with parity check and PBEE=0,PAREN=1 . 

16. These RASx specs are for page rniss case. 

17. These specifications only apply to CSx/RASx pins. 
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CLK01 . 

(OUTPUT) _/ 



A31-A0 
(OUTPUT) 

FC3-FC0 
(OUTPUT) 

SIZ1-SIZ0 
(OUTPUT) 




ASYNCHRONOUS 
INPUTS 



BKPT 
(INPUT) 



NOTE: All timing is shown with respect to 0.8-V and 2.0-V levels. 

Figure 10-3. Read Cycle 
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( CPU CLEARS PERn bit) 



CLK01 
(OUTPUT) 



A31-A0 
(OUTPUT) 

FC3-FC0 
(OUTPUT) 

SIZ1-SIZ0 
(OUTPUT) 



AS 
(OUTPUT) 

DS 
(OUTPUT) 

CSx 
(OUTPUT) 

OE 
(OUTPUT) 

mi 

(OUTPUT) 

D31-D0 
(INPUT) 



BKPT 
(INPUT) 

PERR 
(OUTPUT) 




Figure 10-4. Fast Termination Read Cycle 
(Parity Check PAREN = 1, PBEE = 0) 
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so 



S2 



S3 



S4 



S5 



CLK01 
(OUTPUT) 

A31-A0, FC3-FC0, 
SIZ1-SIZ0 (OUTPUT) 



A^^L^"V^^^ 




PRTY0-PRTY3 
(INPUT) 



ASYNCHRONOUS 
INPUTS 



BKPT 
(INPUT) 



NOTE: All timing is shown with respect to 0.8-V and 2.0-V levels. 

Figure 10-5. Read Cycle 
(With Parity Check, PBEE = 1) 
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CLK01 
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A31-A0 
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FC3-FC0 
(OUTPUT) 

SIZ1-SIZ0 
(OUTPUT) 

RMC 
(OUTPUT) 
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(I/O) 

D31-D0 
(INPUT) 
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NOTE: Up to two wait states may be Inserted by the processor between states 
SOandSI. 



Figure 10-6. SRAM: Read Cycle 
(TRLX = 1) 
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CLK01 
(OUTPUT) 

A31-A0 
(OUTPUT) 

FC3-FC0 
(OUTPUT) 

SIZ1-SIZ0 
(OUTPUT) 



AS 
(OUTPUT) 

DS 
(OUTPUT) 




D31-D0 
(INPUT) 



*Up to two wait states may be inserted by the processor between states SO and S1. 

Figure 10-7. CPU32 + lACK Cycle 
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NOTE: All timing is shown with respect to 0.8-V and 2.0-V levels. 



Figure 10-8. Write Cycle 
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Figure 10-9. Fast Termination Write Cycie 
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CLK01 
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A31-A0 
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FC3-FC0 
(OUTPUT) 
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(OUTPUT) 

AS 
(OUTPUT) 




CSx 
(OUTPUT) 

DS 
(OUTPUT) 



WEx 
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R/W 
(OUTPUT) 
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Y3-PRTY0 
(OUTPUT) 



PRTY3-PRTY0 ~\ 



Figure 10-10. SRAM: Fast Termination Write Cycle 
(CSNTQ = 1) 
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OKOI 
(OUTPUT) 

A31-A0 
(OUTPUT) 

AS 
(OUTPUT) 



DS 
(OUTPUT) 



CSx 
(OUTPUT) 




WEx 
(OUTPUT) 
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D31-D0 
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(OUTPUT) 



NOTE: All timing Is shown with respect to 0.8-V and 2.0-V levels. 

Figure 10-11. SRAM: Write Cycle 
(TRLX = 1,CSNTQ = 1) 
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Figure 10-12. ASYNC Bus Arbitration - IDLE Bus Case 
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Figure 10-13. ASYNC Bus Arbitration - Active Bus Case 
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Figure 10-14. SYNC Bus Arbitration - IDLE Bus Case 
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Figure 10-15. SYNC Bus Arbitration - Active Bus Case 
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Figure 10-16. Configuration And Ciocl( l\/lode Seiect Timing 
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Figure 10-17. Show Cycie 
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Figure 10-18. Background Debug l\/lode FREEZE Timing 
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Figure 10-19. Background Debug Mode Serial Port Timing 
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10.10 BUS OPERATION— DRAM ACCESSES AC TIMING 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-20-1 0-24.) 




Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 lUIHz 


25.0 lUIHz 


33.34 iUIHz 


IVlin 


IVIax 


lUlin 


l\/lax 


Min 


Max 


100 


RASx Asserted to Row Address Invalid 






15 








ns 


101 


RASx Asserted to Column Address Valid 






20 








ns 


102 


RASx Width Asserted 






75 








ns 


103^ 


RASx Width Negated (Back to Back Cycles) 






75 








ns 


104 


RASx Asserted to CaSx Asserted 






35 








ns 


105 


CLK01 Low to CASx Asserted 






3 


13 






ns 


105A 


CLK01 High to CASx Asserted (Refresh Cycle) 






3 


13 






ns 


106 


CLK01 High to CASx Negated 






3 


13 






ns 


107 


Column Address Valid to CASx Asserted 






15 








ns 


108 


CASx Asserted to Column Address Negated 






15 








ns 


109 


CASx Asserted to RASx Negated 






35 








ns 


110 


CASx Width Asserted 






50 








ns 


111^ 


CASx Width Negated (Back to Back Cycles) 






95 








ns 


111A 


CASx Width Negated (Page Mode) 






20 








ns 


112 


CaSx Negated to Data-in, Parity-ln Invalid 















ns 


113 


WE Low to CASx Asserted 






35 








ns 


114 


CASx Asserted to WE Negated 






35 








ns 


115 


R/W Low to CASx Asserted (Write) 






75 








ns 


116 


CASx Asserted to R/W High (Write) 






55 








ns 


117 


Data-out, Parity-Out Valid to CASx Asserted 






10 








ns 


118 


CASx Asserted to Data-Out, Parity-Out Invalid 






55 








ns 


119 


CLK01 High to AI^UX Negated 






3 


16 






ns 


120 


CLK01 High to AMUX Asserted 






3 


16 






ns 


121 


AMUX High to RASx Asserted 






15 








ns 


122 


RASx Asserted to AMUX Low 






15 








ns 


123 


AMUX Low to CASx Asserted 






15 








ns 


124 


CASx Asserted to AMUX High 






55 








ns 



NOTES: 

1 . This specification is for WBTQ=0, when WBTQ=1 add another clock. 
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NOTE: All timing is shown with respect 0.8-V AND 2.0-V levels. 



Figure 10-20. DRAM: Normal Read Cycle 
(Internal Mux, TRLX = 0) 
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NOTE: All timing Is shown with respect to 0.8-V and 2.0-V levels. 

Figure 10-21. DRAM: Normal Write Cycle 
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Figure 10-22. DRAM: Refresh Cycle 
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Figure 10-23. DRAM: Page-Mode — Page-Hit 
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Figure 10-24. DRAM: Page-Mode — Page-Miss 
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10.11 030/QUICC BUS TYPE SLAVE MODE BUS ARBITRATION AC 

ELECTRICAL SPECIFICATIONS (The electrical specifications in this document are preliminary. See 
Figures 10-25 and 10-26) 




Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


1301 


CLK01 High to BR Asserted 






— 


20 






ns 


131 


CLK01 High to IR High Impedence 






— 


20 






ns 


132^ 


BGACK Low to BR High Impedence 






20 


— 






ns 


133 


CLK01 High to BGACK Asserted 






— 


20 






ns 


1342 


AS and BGACK High (the latest one) to BGACK 
Low (when BG is asserted) 






1.5 


2.5 
+ 20 






elks 
ns 


I35I.2 


BG Low to BGACK Low (no other Bus Master) 






1.5 


2.5 
+ 20 






elks 
ns 


136^ 


BR High Impedence to BG High 









— 






ns 


137 


Clock on which BGACK Low to Clock on which 
AS Low. 






2 


2 






elks 


138 


CLK01 High to BGACK High 






— 


20 






ns 


139 


CLK01 Low to BGACK High Impedance 






— 


15 






ns 


140 


BCLRI Low to CLK01 High 






15 


— 






ns 


141 


BCLRI High to CLK01 High 






15 


— 






ns 


1423 


BGLowtoCLKOI Low 






15 


— 






ns 


1433 


AS and BGACK High (the latest one) to BGACK 
Low (when BG is asserted) 






1 


1 
+ 20 






elks 
ns 


I44I.3 


BG Low to BGACK Low (no other bus master) 






1 


1 
+ 20 






elks 
ns 



NOTES: 



1 . BR will not be asserted while AS, HALT, or BERR is asserted. 

2. Specifications are for asynchronous arbitration (ASTM=0). 

3. Specifications are for synchronous arbitration (ASTM=1). 
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NOTE: Diagram does not apply to MC68040 companion mode. 



Figure 10-25. MC68360 Slave Mode Asynchronous Arbitration 
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NOTE: Diagram does not apply to MC68040 companion mode. 




Figure 10-26. MC68360 Slave Mode Synchronous Arbitration 
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10.12 030/QUICC BUS TYPE SLAVE MODE INTERNAL 
READ/WRITE/IACK ASYNCHRONOUS CYCLES AC ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-27 and 10- 
28) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


Min 


Max 


150 


Address Valid to A§ Low 






10 


— 






ns 


151 


AS Valid to DS Low 









— 






ns 


152 


A§ inactive Time 






1 


— 






elk 


153 


AS High to Address Hold Time 









— 






ns 


154 


DS Inactive to AS Inactive 









— 






ns 


155 


DS Inactive Time 






1 


— 






elk 


156 


DSACKLowtoAS, DSHigh 









— 






ns 


157 


Data Out Valid to DSACK Low 






15 


— 






ns 


158 


CLK01 Low to Data-Out Valid 






— 


20 






ns 


159 


DS High to Data-out Hold Time 









— 






ns 


160 


DS High to Data High Impedance 






— 


40 






ns 


161 


CLK01 High to DSACK Low 






— 


20 






ns 


162 


AS High to DSACk High 






— 


20 






ns 


163 


DSACK High to DSACK High Impedance 






— 


15 






ns 


164 


FVW Valid to DS Low 









— 






ns 


165 


DSHigh To FVW High 









— 






ns 


166 


Data-in, MBAHE Valid to DS Low 






— 


20 






ns 


167 


DSACK Low to Data-in, MBARE Hold Time 









— 






ns 


169 


CLKOIHightoAVECOLow 






— 


20 






ns 


170 


AS High to AVECO High 






— 


20 






ns 


171 


CLK01 LowtolACKLow 






— 


20 






ns 


172 


AS High to lACK High 






— 


20 






ns 



NOTES: 

1 Asynchronous specifications above are valid only when BSTM=0. 
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Figure 10-27. External 030/QUICC Internal Asynchronous Read Cycle Timing Diagram 
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Figure 10-28. External MC68030/MC68360 Internal Registers 
Asynchronous Write Cycle Timing Diagram 



B 



10.13 030/QUICC BUS TYPE SLAVE MODE INTERNAL 
READ/WRITE/IACK SYNCHRONOUS CYCLES AC ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-29-10-32.) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


MIn 


Max 


MIn 


Max 


180 


Af LowtoCLKOI High 






7 


— 






ns 


181 


CLK01 Low to A5 High 






— 


20 






ns 


182 


DSLowtoCLKOIHigh 






7 


— 






ns 


183 


CLKOILowtoDSHigh 






— 


20 






ns 


184 


CLK01 Low to Data-out Valid 






— 


20 






ns 


185 


FVWLowtoCLKOIHigh 






7 


— 






ns 


186 


CLK01 High to R/W High 






— 


20 






ns 


187 


Data-in. MBARE Valid to CLK01 Low 






20 


— 






ns 


188 


CLK01 Low to Data-in. MBARE Hold Time 






10 


— 






ns 


191 


CLK01 High to AV^CO Low 






— 


20 






ns 


192 


CLK01LowtoiA5KLow 






— 


20 






ns 



NOTES: 

1 Synchronous specifications above are valid only when BSTM=1 . 
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Figure 10-29. External MC68030/MC68360 Asynchronous lACK Cycle Timing Diagram 
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NOTE: Two wait states are inserted when reading the SIM, dual-port RAM, and CPM. Three wait states are inserted 
when reading the SI RAM. Additional wait states may be inserted when the SHEN1-SHEN0 =10 and one of 
the internal masters is accessing an intemal peripheral. 

Figure 10-30. External MC68030/MC68360 Internal Synchronous 
Read Cycle Timing Diagram 
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Figure 10-31. External MC68030/MC68360 Internal Synchronous 
Write Cycle Timing Diagram 



MOTOROLA 



MC68360 USER'S MANUAL 



10-41 



so SI S2 S3 Sw Sw Sw Sw Sw Sw Sw Sw S4 S5 SO 




"<-^ 



lACKx 
(OUTPUT) 



Figure 10-32. External MC68030/MC68360 Synchronous 
lACK Cycle Timing Diagram 



10-42 



MC68360 USER'S MANUAL 



MOTOROLA 



10.14 030/QUICC BUS TYPE SRAM/DRAM CYCLES AC ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-33-10-38) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 IMHz 


25.0 IVIHz 


33.34 MHz 


iViin 


iVIax 


iUiin 


lUfax 


lUlin 


iUlax 


200 


A5 Low to QE Low (Read Cycle) 






— 


20 






ns 


201 


A5 High to UE High 






— 


20 






ns 


202 


AS Low to WE Low (Write Cycle) 






— 


20 






ns 


203 


A5 High to WE High 






— 


20 






ns 


204 


CLK01 High to DSACK High 






— 


20 






ns 


205 


AS Low to CSx Low 






— 


22 






ns 


206 


AS High to CSx High 






— 


20 






ns 


207 


AS Low to DSACK Low 






— 


25 






ns 


208 


AS High to CaSx High 






— 


20 






ns 


209 


Af High to AIVIUX High 






— 


20 






ns 


210 


ASLowtoBKPTOLow 






— 


20 






ns 


211 


AS High to bKPTO High 






— 


20 






ns 


212 


Data Valid to PRTY3-0 Valid 






— 


20 






ns 


213 


Data Invalid to PRTY3-0 Invalid 






— 


20 






ns 



NOTES: 

1 Synchronous specifications above are valid only when BSTM=1 . 
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Figure 10-33. External MC68030/MC68360 SRAM Asynchronous 
Cycle Timing Diagram (BSTN = 0/1; SYNC = 0) 
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Figure 10-34. External MC68030/MC68360 SRAM Synchronous 
Cycle Timing Diagram (BSTM = 1 ; SYNC = 1) 



MOTOROLA 



MC68360 USER'S MANUAL 



10-45 




CLK01 
(OUTPUT) 



A31-A0 
(INPUT) 



AS 
(INPUT) 



RASx 
(OUTPUT) 

CAS3-Ci«0 
(OUTPUT) 



WE 

(WRITE CYCLE 

OUTPUT) 



DSACK1.0 
(OUTPUT) 



•<-^ 



Figure 10-35. External MC68030/MC68360 DRAM Asynchronous 
Cycle Timing Diagram (BSTM = 0; SYNC = 0) 



10-46 



MC68360 USER'S MANUAL 



MOTOROLA 



so SI 



A31-A0 
(INPUT) 



AS 
(INPUT) 



K 



(150) 



r*~@^ 



RASx 
(OUTPUT) 



CAS3-CAS0 
(OUTPUT) 



AMUX 
(OUTPUT) 



m 

(INPUT) 



^: 



(WRITECYCLE / 



WE 
rCLE 
OUTPUT) 



@)->> 



S2 S3 Sw Sw Sw Sw 84 SS 



<-@ 



-Ms) 



OSACKI.O 
(OUTPUT) 



(2> 



7^V^^ 



^. 



®^ 



SO 



®M 



J 



J 






"^. 



(l86)-5»- 



^m)-^»- 



153 



(^)->- 



:c 



•*{iM) 



;^ 



-<-® 



^^ 






Figure 10-36. External MC68030/MC68360 DRAM Asynchronous 
Cycle Timing Diagram (BSTM = 0; SYNC = 1) 
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Figure 10-37. External MC68030/MC68360 DRAM Synchronous 
Cycle Timing Diagram (BSTM = 1; SYNC = 1) 
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Figure 10-38a. External MC68030/I\/IC68360 Parity Bits 
Timing Diagram 
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Figure 10-38b. External MC68030/MC68360 Parity Bits 
Timing Diagram 
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10.15 040 BUS TYPE SLAVE MODE BUS ARBITRATION AC ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this docunnent are preliminary. See Figure 10-39) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


Min 


Max 


231 


Address, Transfer Attributes High Impedance to 
Clock High 






7 


— 






ns 


2321 


Clock High to BG Low 






— 


20 






ns 


233 


Clock High to bS High 






— 


20 






ns 


234 


BB High to Clock High (040 output) 






7 


— 






ns 


235 


BB High Impedance to Clock High (040 output) 









— 






ns 


236 


Clock High to BB Low (360 output) 






— 


20 






ns 


237 


Clock High to BB High (360 output) 






— 


20 






ns 


238 


Clock Low to BB High Impedance (360 output) 






— 


20 






ns 



NOTESj_ 

1 . BG remains low until either the SDMA or the IDMA requests the external bus. 
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NOTES: 

1 . MC68040 Transfer Attribute Signals = SIZx, TTx. TMx, R/W, LOCK. 

2. BG always remains asserted until either the SOMA or the lOMA requests the external bus. 

Figure 10-39. MC68040 Companion iVIode Arbitration 
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10.16 040 BUS TYPE SLAVE MODE INTERNAL READ/WRITE/IACK 

CYCLES AC ELECTRICAL SPECIFICATIONS (The electrical specifications in this document 
are preliminary. See Figures 10-40-10-42) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


MIn 


Max 


251 1 


Address, Transfer Attributes Valid to Clock Low 






15 


— 






ns 


252 


T§ Low to Clock High 






7 


— 






ns 


253 


Clock High to TS High 






— 


20 






ns 


254 


Clock High to Address, Transfer Attributes Invalid 






20 


— 






ns 


255 


Data-in, MBARE Valid to Clock High (040 Write) 






20 


— 






ns 


256 


Clock High to Data-in, MBARE Hold Time 






10 


— 






ns 


257 


Clock High to TA, TBI Low 






— 


20 






ns 


258 


Clock High to TA, TBT High 






— 


20 






ns 


259 


TA, TBI High to TA, TBI High Impedance 






— 


15 






ns 


260 


Clock Low to Data-Out Valid (040 Read) 






— 


20 






ns 


262 


Clock High to Data-Out Invalid 






— 


20 






ns 


263 


Clock High to Data-Out High Impedance 






— 


20 






ns 


264 


Clock High to AVECO Low 






— 


20 






ns 


265 


Clock High to AVECO High 






— 


20 






ns 


266 


Clock Low to lACK Low 






— 


20 






ns 


267 


Clock High to lACK High 






— 


20 






ns 



NOTES: 

1 . Transfer attributes signals = SIZx, TTx, TMx, R/W, and LOCK. 
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1. Three wait states are Inserted when reading the SIM, dual-port RAM, and the CPM. Four wait states are Inserted 
when reading the SI RAM. Additional wait states may be Inserted when the SHENI-SHENO^IO and one of the Internal 
masters Is accessing an internal peripheral. 

2. MC68040 Transfer Attribute Signals = SIZx. TTx. TMx, R/W, LOCK 

Figure 10-40. MC68040 Internal Registers Read Cycles 
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1 . Two wait states are inserted when writing to the SIM. Three wait states are inserted when writing to the dual-port RAM 
and CPM. Four wait states are inserted when writing to the SI RAM. Additional wait states may be inserted when the 
SHEN1 — SHEN0=10 and one of the internal masters is accessing an intemal peripheral. 

2. MC68040 Transfer Attribute Signals = SIZx. TTx, TMx. R/W. LOCK 

Figure 10-41. MC68040 Internal Registers Write Cycles 
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NOTES: 



1 . MC68040 Transfer Attribute Signals = SIZx, TTx, TMx, R/W, LOCK. 

2. Up to two wait states may be inserted for internal arbitration. 

Figure 10-42 (a). MC68040 lACK Cycles (Vector Driven) 
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NOTES: 



1 . MC68040 Transfer Attribute Signals = SIZx, TTx, TMx. R/W, LOCK. 

2. For AVECO cycles, TA is an output. 

Figure 10-42 (b). MC68040 lACK Cycles (No Vector Driven) 
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10.17 040 BUS TYPE SRAM/DRAM CYCLES AC ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-43-10-47) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


iVIin 


lUIax 


Min 


Max 


Min 


Max 


280 


Address Valid to BADD2-3 Valid 






— 


20 






ns 


281 


Address Invalid to BADD2-3 Invalid 






— 


20 






ns 


282 


Clock High to CSx/RASx Low (TSS40=0) 






— 


20 






ns 


283 


Clock High to CSx/RASx High (CSNT40=0) 






— 


20 






ns 


284 


Clock High to BRK Low 






— 


20 






ns 


285 


Clock High to BRK High 






— 


20 






ns 


286 


Clock Low to CSx Low {TSS40=1) 






— 


20 






ns 


287 


Clock Low to CSx High (CSNT40=1) 






— 


20 






ns 


288^ 


AddressTransfer Attributes Valid to Clock High 
(TSS40=0) 






14 


— 






ns 


2892 


TA Low to Clock High (External Termination) 






11 


— 






ns 


2902 


Clock High to Ta High (External Termination) 






— 


20 






ns 


291 


Clock High to OE Low (Read Cycles) 






— 


20 






ns 


292 


Clock High to OE High (Read Cycles) 






— 


20 






ns 


293 


Clock High to WE Low (Write Cycles) 






— 


20 






ns 


294 


Clock High to WE High (Write Cycles) 






— 


20 






ns 


295 


Clock High to CASx Low 






— 


20 






ns 


296 


Clock High to CASx High 






— 


20 






ns 


297 


Clock Low to AMUX Low 






— 


20 






ns 


298 


Clock High to AMUX High 






— 


20 






ns 


299 


Clock High to BADD2-3 Valid (040 burst 
Cycles) 






— 


20 






ns 


3002 


TEA Low to Clock High 






11 


— 






ns 


301 2 


Clock High to TEA High 






— 


20 






ns 


302 


Data, Parity Valid to Clock High (Data, Parity 
Setup) 






7 


— 






ns 


303 


Clock High to Data, Parity invalid (Data, Parity 
Hold) 






— 


20 






ns 




NOTES: _ 

1 . Transfer attributes signals = SIZx, TTx, TMx, R/W, and LOCK. 

2. TEA/TA should not be asserted on a DRAM burst access, or on the same clock or before RASx /CSx is asserted 
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NOTE: MC68040 Transfer Attribute Signals = SIZx. TTx, TMx, R/W, LOCK 

Figure 10-43. MC68040 SRAM Read/Write Cycles 
(TSS40 =0, CSNT40 = 0) 
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NOTE: MC68040 Transfer Attribute Signals = SIZx, TTx, TMx, R/W, LOCK 

Figure 10-44. MC68040 SRAM Read/Write Cycles 
(TSS40=1,CSNT40 = 1) 
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Figure 10-45. External MC68040 DRAM Cycles Timing Diagram 
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Figure 10-46. External MC68040 DRAM Burst Cycles Timing Diagram 




MOTOROLA 



MC68360 USER'S MANUAL 



10-61 



D31-D0 jf 

(INPUT) \ 



PRTY3- 

PRTYO 

(OUTPUT) 



CLK01 
(OUTPUT) 



TRANSFER 

AHRIBUTES 

(INPUT) 

A31-A0 
(INPUT) 

BADD3- 

BADD2 

(OUTPUT) 

fs 

(INPUT) 

TA 
(OUTPUT) 



D31-D0, 
PRTY3- 
PRTYO 
(INPUT) 



PERR 
(OUTPUT) 



< 



X 



X 



X 



> 



I^ 



(a) Generation Timing Diagram 

c 



CPU Clears PERn Bit 



CI C2 

^ / — V. 



X 



X 



X 



/ 



j-^ 



(302)->- 



-<->■ 



< 



&*■ 



jf — u^r — \ 



\ 







01 



ir~ 



®*] 



r 



(b) Checking Timing Diagram 
Figure 10-47. External MC68040 Parity Bit Checlcing Timing Diagram 
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10.18 IDMA AC ELECTRICAL SPECIFICATIONS (The electrical specifications in this 
document are preliminary. See Figure 10-48 and 10-49.) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 iWHz 


25.0 iUIHz 


33.34 MHz 


iUlin 


lUlax 


lUlin 


IVIax 


IVIin 


iUlax 


1 








— 


24 






ns 


CLK01 Low to AS, DACK, DONE Asserted 


2 










24 






ns 


CLK01 Low to AS, DACK, DONE Negated 


3l 




3tcyc + tAIST + tCLSA 




DREQx Asserted to AS Asserted (for DMA Bus 
Cycle) 


4I 


Asynchronous Input Setup Time to CLK01 Low 






12 


— 






ns 


5I 


Asynchronous Input Hold Time from CLK01 
Low 









— 






ns 


6 











20 






ns 


AS to DACK Assertion Skew 


7 








-8 


8 






ns 


DACK to DONE Assertion Skew 


8 








70 


— 






ns 


AS, DACK, DONE Width Asserted 


8A 








28 


— 






ns 


AS, DACK, DONE Width Asserted (Fast 
Termination Cycle) 


IOI 


Asynchronous Input Setup Time to CLK01 Low 






5 


— 






ns 


III 


Asynchronous Input Hold Time from CLK01 
Low 






10 


— 






ns 


122 


DREQ Input Setup Time to CLK01 Low 






20 


— 






ns 


132 


DREQ Input Hold Time from CLK01 Low 






5 


— 






ns 


142 


DONE Input Setup Time to CLK01 Low 






20 


— 






ns 


152 


DONE Input Hold Time from CLK01 Low 






5 


— 






ns 


162 


DREQ Asserted to AS Asserted 






2 


— 






elk 



NOTES: 

1 . These specifications are for asynchronous mode. 

2. These specifications are for synchronous mode. 
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Figure 10-48. IDMA Signal Asynclironous Timing diagram 
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Figure 10-49. IDMA Signal Synchronous Timing diagram 



10-64 



MC68360 USER'S MANUAL 



MOTOROLA 



10.19 PIP/PIO AC ELECTRICAL SPECIFICATIONS (The electrical specifications in this 
document are preliminary. See Figures 10-50 and1 0-54) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


MIn 


Max 


Min 


Max 


21 


Data-in Setup Time to STBI Low 









— 






ns 


22 


Data-in Hold Time to STBI High 






2.5- 
t3 


— 






elk 


23 


STBI Pulse Width 






1.5 


— 






elk 


24 


STBO Pulse Width 






1 


— 






elk 


25 


Data-Out Setup Time to STBO Low 






2 


— 






elk 


26 


Data-Out Hold Time from STBO High 






5 


— 






elk 


27 


STBI Low to STBO Low (Rx Interiock) 






— 


2 






elk 


28 


STBI Low to STBO High (Tx lnteriocl<) 






— 


2 






elk 


29 


Data-in Setup Time to Clock Low 






20 


— 






ns 


30 


Data-in Hold Time from Clock Low 






10 


-— . 






ns 


31 


Clock High to Data-Out Valid (CPU Writes 
Data, Control, or Direction) 






25 


— 






ns 
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Figure 10-50. PIP Rx (Interlock Mode) 
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Figure 10-51. PIP Tx (Interlock Mode) 
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Figure 10-52. PIP Tx (Pulse Mode) 
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Figure 10-53. PIP Tx (Pulse Mode) 
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Figure 10-54. Parallel I/O Data-in/Data-Out Timing Diagram 



MOTOROLA 



MC68360 USER'S MANUAL 



10-67 



10.20 INTERRUPT CONTROLLER AC ELECTRICAL SPECIFICATIONS (The 

electrical specifications in this document are preliminary. See Figures 10-55 and 10-56) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


35 


Interrupt Pulse Width Low (Edge Triggered 
Mode) 






30 


— 






ns 


36 


Minimum Time Between Active edges 






3 


— 






elk 


37 


Clock High to lOUT Valid (Slave Mode) 






20 


— 






ns 


38 


Clock High to RQOUT Valid (Slave Mode) 






20 


— 






ns 
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-^-{35)->- 



Figure 10-55. Interrupts Timing Diagram 
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Figure 10-56. Slave IVIode: Interrupts Timing Diagram 
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10.21 RISC CONTROLLER AC ELECTRICAL SPECIFICATIONS (The eiecwcai 

specifications in tliis document are preliminary. See Figure 10-57) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


Min 


Max 


40 


External Request Pulse Width Low 






1 


— 






elk 


41 


Minimum Time Between Active edges 






3 


— 






elk 



EXT1-EXT0 



\ 



<^ 



f 



\ 



® 

NOTE: This timing is only used if specified in a Motorola-supplied RAM microcode package. 

Figure 10-57. RISC: External Request Timing Diagram 
10.22 BAUD RATE GENERATOR AC ELECTRICAL SPECIFICATIONS (The 

electrical specifications in this document are preliminary. See Figure 10-58) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


Min 


Max 


50 


BRGO Rise and Fall Time 






— 


10 






ns 


51 


BRGO Duty Cycle 






40 


60 






% 


52 


BRGO Cycle 






40 








ns 




BRGOx 




Figure 10-58. Baud Rate Generator Output Signals 
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10.23 TIMER ELECTRICAL SPECIFICATIONS (The electrical specifications in this document 
are preliminary. See Figures 10-59) 



Num. 


Characteristic 


Symbol 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25 MHz 


33MHz 


Min 


Max 


Min 


Max 


Min 


Max 


60 


CLK01 Period 


tcyc 






40 


— 






ns 


61 


TIN/TGATE Rise and Fall Time 


trf 






10 


— 






ns 


62 


TINH^GATE Low Time 


— 






1 


— 






elk 


63 


TIN/TGATE High Time 


— 






2 


— 






elk 


64 


TlN/fGATE Cycle Time 


— 






3 


— 






elk 


65 


CLK01 High to TOUT Valid 


tTO 






3 


20 






ns 
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Figure 10-59. CPM General Purpose Timers 
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10.24 SI ELECTRICAL SPECIFICATIONS (The electrical specifications in this document are 
preliminary. See Figures 10-60-10-64.) 




Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


MIn 


Max 


Min 


Max 


701.3 


L1RCLK, L1TCLK Fequency (DSC=0) 






— 


10 






MHz 


713 


L1RCLK, L1TCLK Width Low(DSC=0) 






P+10 


— 






ns 


71 A2 


L1RCLK, L1TCLK Width High (DSC=0) 






P+10 


— 






ns 


72 


L1TXD, L1ST(1-4), L1RQ, L1CLKO Rise/Fall 
Time 






— 


15 






ns 


73 


LI RSYNC, L1TSYNC Valid to L1CLK edge 
(SYNC Setup Tim)e 






20 


— 






ns 


74 


L1CLK edge to LI RSYNC. L1TSYNC Invalid 
(SYNC Hold Time) 






35 


— 






ns 


75 


LI RSYNC, L1TSYNC Rise/Fall Time 






— 


15 






ns 


76 


L1RXD Valid to L1CLK edge (LI RXD Setup 
Time) 






42 


— 






ns 


77 


L1CLK edge to L1 RXD Invalid (L1 RXD Hold 
Time) 






35 


— 






ns 


78 


L1CLK edge to L1ST(1-4) Valid 






10 


65 






ns 


78A4 


LI SYNC Valid to LI ST(1-4) Valid 






10 


65 






ns 


79 


L1CLK Edge to L1ST(1-4) Invalid 






10 


65 






ns 


80 


L1CLK Edge to LI TXD Valid 






10 


65 






ns 


BOA* 


L1TSYNC Valid to LITXD Valid 






10 


65 






ns 


81 


L1CLK Edge to LITXD High Impedance 









42 






ns 


82 


L1RCLK, L1TCLK Fequency (DSC=1) 






— 


12.5 






MHz 


83 


L1RCLK, LI TCLK Width Low(DSC=1) 






P+10 


— 






ns 


83A2 


L1RCLK, L1TCLK Width High (DSC=1) 






P+10 


— 






ns 


84 


L1CLK Edge to L1CLKO Valid (DSC=1) 






— 


30 






ns 


853 


L1RQ Valid Before Falling Edge of L1TSYNC 






1 


— 






L1TCLK 


863 


LI GR Setup Time 






42 


— 






ns 


873 


L1GR Hold Time 






42 


— 






ns 



NOTES: 

1 The ratio SyncCLK/LI RCLK must be greater than 2.5/1 

2 Where P=1/CLK01 . Thus for a 25 MHz CLK01 rate, P=40ns. 

3 These specs are valid for IDL mode only 

4 Thstrobes and Txd on the first bit of the frame becomes valid after LI CLK edge or LI SYNC, v^hichever is later. 
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Figure 10-60. SI Receive Timing witii Normal Clocking 
(DSC = 0) 
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Figure 10-61. SI Receive Timing with Double Speed Clocking 

(DSC = 1) 
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Figure 10-62. SI Transmit Timing with Normal Clocking 
(DSC = 0) 
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Figure 10-63. SI Transmit Timing with Double Speed Clocking 

(DSC = 1) 
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Figure 10-64. IDL Timing 
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10.25 sec IN NMSI MODE— EXTERNAL CLOCK ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-65-10-67) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


MIn 


Max 


MIn 


Max 


100l 


RCLK1 and TCLK1 Frequency 









12.5 






MHz 


101 


RCLK1 andTCLKI Width Low 






40 


— 






ns 


102 


RCLK1 andTCLKI Rise/Fall Time 






— 


15 






ns 


103 


TXD1 Active Delay (From TCLK1 Falling Edge) 









50 






ns 


104 


RTS1 Active/Inactive Delay (From TCLK1 
Falling Edge ) 









50 






ns 


105 


CTS1 Setup Time to TCLK1 Rising Edge 






5 


— 






ns 


106 


RXD1 Setup Time to RCLK1 Rising Edge 






5 


— 






ns 


1072 


RXD1 Hold Time from RCLK1 Rising Edge 






5 


— 






ns 


108 


CD1 Setup Time to RCLK1 Rising Edge 






5 


— 






ns 



NOTES: 

1 . The ratio SyncCLK/RC LKI a nd SyncCLK/TCLKI must be greater or equal to 2/1 

2. Also applies to CD and CTS hold time when they are used as an external sync signals. 

10.26 sec IN NMSI MODE— INTERNAL CLOCK ELECTRICAL 

SPECIFICATIONS (The electrical specifications in this document are preliminary. See Figures 10-65-10-67) 




Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


Min 


Max 


Min 


Max 


100^ 


RCLK1 and TCLK1 Frequency 









12.5 






MHz 


101 


RCLK1 andTCLKI Width Low 






40 


— 






ns 


102 


RCLK1 andTCLKI Rise/Fall Time 






— 


— 






ns 


103 


TXD1 Active Delay (From TCLK1 Falling Edge) 









30 






ns 


104 


RTS1 Active/Inactive Delay (From TCLK1 
Falling Edge ) 









30 






ns 


105 


CTS1 Setup Time to TCLK1 Rising Edge 






40 


— 






ns 


106 


RXD1 Setup Time to RCLK1 Rising Edge 






40 


— 






ns 


1072 


RXD1 Hold Time from RCLK1 Rising Edge 









— 






ns 


108 


GDI Setup Time to RCLK1 Rising Edge 






40 


— 






ns 



NOTES: 

1 . The ratio SyncCLK/RC LK1 a nd SyncCLK/TCLKI must be greater or equal to 2/1 

2. Also applies to CD and CTS hold time when they are used as an external sync signals. 



10-78 



MC68360 USER'S MANUAL 



MOTOROLA 



RCLK1 7 



RXD1 
(INPUT) 



X 



<-{@ 



\:^:y — ^^ ^.-^ 



<ioo 



(107 



X 



X 



CD1 
(INPUT) 



CD1 
(SYNC- 
INPUT) 



^. 



^. 



(108) 



< >- 



107 



/ 



Figure 10-65. SCC NMSI Receive 




Figure 10-66. SCC NiVISi Transmit 
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Figure 10-67. HDLC BUS Timing 
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10.27 ETHERNET ELECTRICAL SPECIFICATIONS (The electrical specrications m this 
document are preliminary. See Figures 10-68-10-73) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


120 


CLSN Width High 






40 


— 






ns 


121 


RCLK1 Rise/Fall Time 






— 


15 






ns 


122 


RCLK1 Width Low 






40 


— 






ns 


I23I 


RCLK1 Clocl< Period 






80 


120 






ns 


124 


RXD1 Setup Time 






20 


— 






ns 


125 


RXD1 Hold Time 






5 


— 






ns 


126 


RENA Active Delay (from RCLK1 rising edge of 
the last data bit) 






10 


— 






ns 


127 


RENA Width Low 






100 


— 






ns 


128 


TCLK1 Rise/Fall Time 






— 


15 






ns 


129 


TCLK1 Width Low 






45 


— 






ns 


1301 


TCLK1 Clock Period 






99 


101 






ns 


131 


TXD1 Active Delay (from TCLK1 rising edge) 






10 


50 






ns 


132 


TXD1 Inactive Delay (from TCLK1 rising edge) 






10 


50 






ns 


133 


TENA Active Delay (from TCLK1 rising edge) 






10 


50 






ns 


134 


TENA Inactive Delay (from TCLK1 rising edge) 






10 


50 






ns 


135 


RSTRT Active Delay (from TCLK1 falling edge) 






10 


50 






ns 


136 


RSTRT Inactive Delay (from TCLK1 falling 
edge) 






10 


50 






ns 


137 


RRJCT Width Low 






1 


— 






CLK01 


1382 


CLK01 Low to SDACK Asserted 






— 


20 






ns 


1392 


CLK01 Low to SDACK Negated 






— 


20 






ns 



NOTES: 

1 The rati o SyncCLK/RCLKI and SyncCLK/TCLK1 must be greater or equal to 2/1 

2 SDACK is asserted whenever the SDMA writes the incoming frame DA into memory. 
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Figure 10-68. Ethernet Collision Timing 
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Figure 10-69. Ethernet Receive Timing 
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NOTES: 

1. Transmit clock invert (TCI) bit In QSMR Is set. 

2. If RENA Is deasserted before TENA, or RENA Is not asserted at all during transit, tfien CSL bit 
is set in the buffer descriptor at the end of frame transmission. 



Figure 10-70. Ethernet Transmit Timing 
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NOTE: Valid for the ethemet protocol only. 

Figure 1 0-71 . CAM interface Receive Start Timing 
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NOTE: Valid for the ethemet protocol only. 

Figure 10-72. CAI\/I interface Reject Timing 
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NOTE: SDACKx is asserted when the SOMA writes the received Ethemet frame into memory. 



Figure 10-73. SDACK Timing Diagram 
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10.28 SMC TRANSPARENT MODE ELECTRICAL SPECIFICATIONS (The 

electrical specifications in this document are preliminary. See Figure 10-74) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


150^ 


CLK1 Clock Period 






100 


— 






ns 


151 


CLK1 Width Low 






50 


— 






ns 


151A 


CLK1 Width High 






50 


— 






ns 


152 


CLK1 Rise/Fall Time 






— 


15 






ns 


153 


TXD1 Active Delay (from CLK1 falling edge) 






10 


50 






ns 


154 


RXD1/SYNC1 Setup Time 






20 


— 






ns 


155 


RXD1/SYNC1 Hold Time 






5 


— 






ns 



NOTES: 

1 The ratio SyncCLK/SMCLK must be greater or equal to 2/1 
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Note 1 : This delay Is equal to an Integer number of "Character length" clocks 



Figure 10-74. SMC Transparent 
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10.29 SPI MASTER ELECTRICAL SPECIFICATIONS (The electrical specifications in this 
document are preliminary. See Figures 10-75 and 10-76) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


MIn 


Max 


MIn 


Max 


MIn 


Max 


160 


Master Cycle Time 






4 


1024 






tcyc 


161 


Master Clocl< (SCK) High or Low Time 






2 


512 






tcyc 


162 


Master Data Setup Time (Inputs) 






50 


— 






ns 


163 


Master Data Hold Time (Inputs) 









— 






ns 


164 


Master Data Valid (after SCK Edge) 






— 


20 






ns 


165 


Master Data Hold Time (Outputs) 









— 






ns 


166 


Rise Time 
Output 








15 






ns 


167 


Fall Time 
Output 








15 






ns 
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Figure 10-75. SPI Master (CP = 0) 
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Figure 10-76. SPI IVIaster (CP = 1) 
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10.30 SPI SLAVE ELECTRICAL SPECIFICATIONS (The electncal specifications in this 
document are preliminary. See Figures 10-77 and 10-78) 



Num. 


Characteristic 


3.3 V 


3.3 V or 5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.34 MHz 


Mtn 


Max 


Min 


Max 


Min 


Max 


170 


Slave Cycle Time 






2 


— 






tcyc 


171 


Slave Enable Lead Time 






15 








ns 


172 


Slave Enable Lag Time 






15 








ns 


173 


Slave Clock (SPICLK) High or Low Time 






1 


— 






tcyc 


174 


Slave Sequential Transfer Delay 
(Does Not Require Deselect) 






1 








tcyc 


175 


Slave Data Setup Time (Inputs) 






20 


— 






ns 


176 


Slave Data Hold Time (Inputs) 






20 


— 






ns 


177 


Slave Access Time 














ns 


178 


Slave SPIMISO Disable Time 














ns 


179 


Slave Data Valid (after SPICLK Edge) 






— 


50 






ns 


180 


Slave Data Hold Time (Outputs) 









— 






ns 


181 


Rise Time 
Input 








15 






ns 


182 


Fall Time 
Input 








15 






ns 
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Figure 10-77. SPI Slave (CP = 0) 
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Figure 10-78. SPI Slave (CP = 1) 
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10.31 IEEE 1149.1 ELECTRICAL SPECIFICATIONS (The electrical specifications in this 

document are preliminary. See Figures 10-79-10-82) 



Num. 


Characteristic 


3.3 V 


3.3 V or 
5.0 V 


5.0 V 


Unit 


16.67 MHz 


25.0 MHz 


33.3MHz 


Min 


Max 


Min 


Max 


Min 


Max 




TCK Frequency of Operation 









25 






MHz 


1 


TCK Cycle Time in Crystal Mode 






40 


— 






ns 


2 


TCK Clock Pulse Width Measured at 1.5 V 






18 


— 






ns 


3 


TCK Rise and Fall Times 









3 






ns 


6 


Boundary Scan Input Data Setup Time 






10 


— 






ns 


7 


Boundary Scan Input Data Hold Time 






18 


— 






ns 


8 


TCK Low to Output Data Valid 









26 






ns 


9 


TCK Low to Output High Impedance 









40 






ns 


10 


TMS, TDI Data Setup Time 






10 


— 






ns 


11 


TMS, TDI Data Hold Time 






10 


— 






ns 


12 


TCK Low to TDO Data Valid 









20 






ris 


13 


TCK Low to TDO High Impedance 









20 






ns 


14 


TRST Assert Time 






100 


— 






ns 


15 


TRST Setup Time to TCK Low 






40 


— 






ns 





TCK 
(INPUT) V|L 



Figure 10-79. Test Clock Input Timing Diagram 
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Figure 10-80. TRST Timing Diagram 
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Figure 10-81. Boundary Scan (JTAG) Timing Diagram 
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Figure 10-82. Test Access Port Timing Diagram 
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SECTION 11 

ORDERING INFORMATION AND MECHANICAL DATA 

This section contains the ordering information, pin assignments, and pacl<age dimensions 
forthel\/1C68360. 

11.1 STANDARD ORDERING INFORMATION 



Package Type 


Frequency (MHz) 


Temperatur* 


Order Number 


Quad Flat Pack (EM Suffix) 
Quad Flat Pack (EM Suffix) 
Quad Flat Pack with Ethernet 
Quad Flat Pack with Ethernet 


0-25 
0-25 
0-25 
0-25 


0»Cto70X 
-40»Cto+85»C 

0»Cto70»C 
-40»Cto+85X 


MC68360EM25 

TBD 

MC68EN360EM25 

TBD 


Pin Grid Array (RC Suffix) 
Pin Grid Array (RC Suffix) 
Pin Grid Array with Ethernet 
Pin Grid Array with Ethernet 


0-25 
0-25 
0-25 
0-25 


0»Cto70»C 
-40»Cto+85»C 

0»Cto70»C 
-40»Cto+85<'C 


MC68360RC25 

TBD 

MC68EN360RC25 

TBD 
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11.2 PIN ASSIGNMENT— 240-LEAD QUAD FLAT PACK (QFP) 




nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
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nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



ISO 



140 



130 



MC68360 / MC68EN360 
TOP VIEW 



40 



50 



121 



120 



110 



100 



90 



80 



70 



61 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 



A28 
IDA29 
IDGNO 
Z1A30 
Z1A31 
I3VCC 
USIZO 
ZISIZI 
ZIFCO 
HGNO 
Z1FC1 

ZIRa 
Zire3 

IDVCC 
HGND 
^D31 
Z1D30 
:DD29 
=]GND 
Z1028 

^026 
ZIVCC 
ZID2S 
ZI024 
IDD23 
HGND 

Zioa 

ID 021 

=3 020 

IDCLK01 

^VCCek 

IDGNDdk 

IDCLK02 

Z1D19 

I3D18 

:DD17 

13 016 
I] 015 
ZIVCC 
^014 
Z1D13 
ID 012 
IDGNO 
13011 
3010 
ZI09 

noa 

ZI07 

I3GND 

1306 
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11.3 PIN ASSIGNMENT— 241-LEAD PIN GRID ARRAY (PGA) 
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11.4 PACKAGE DIMENSIONS— QFP (EM SUFFIX) 
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11.5 PACKAGE DIMENSIONS—PGA (RC SUFFIX) 
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APPENDIX A 

SERIAL PERFORMANCE 

The QUICC at 25 MHz was designed to support unrestricted operation of tlie liigh-level 
data linl< control (HDLC) or transparent protocol running on four serial communications 
controllers (SCCs) simultaneously at 2.048 Mbps. The QUICC can also support one 
Ethernet channel at 10 Mbps and three HDLC or transparent channels at 2.048 Mbps. 

The physical clocking limit of the SCCs is higher than the sustained serial bit rate. This 
limit is given as a 1:2 ratio between the sync clock (a clock generated in the clock 
synthesizer that can be as fast as the 25-MHz system clock) and the serial clock. For 
example, with a sync clock of 25 MHz, the SCCs may be clocked at 12.5 MHz. This 
clocking scheme allows for high-speed bursts of data bits to be handled by the SCCs for 
short periods of time, subject to the FIFO sizes. 

When the SCCs are connected to a time-division multiplexed channel using the time-slot 
assignor present on the QUICC, the SCC physical clocking limit is a 1 :2.5 ratio between 
the sync clock and the serial clock. Therefore, the SCCs may be connected to a 1 0.0- 
MHz time-division multiplexed channel with a 25-MHz QUICC. This clocking scheme 
allows for high-speed bursts of data bits to be handled by the SCCs for short periods of 
time, subject to the FIFO sizes. 

Other devices that offer higher HDLC performance than the QUICC are the Motorola 
MC68605 1984 CCITT X.25 LAPB controller and the MC68606 CCITT Q.921 multilink 
LAPD controller. The MC68605 and MC68606 perfomi the full data-link layer protocol as 
well as support various transparent modes within HDLC-framed operation at speeds of at 
least 10 Mbps. 

The performance figures listed In Table A-1 are for a 25-MHz system clock only. 
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Table A-1. SCO Performance Data with 25-MHz Clock 



High*Speed Channels 


Low-Speed Channels 


Comments/Restrictions 


Number 


Speed 


Number 


Speed 




1 HDLC 


SMbps 


— 


— 




2HDLC 


4Mbp8 


— 


— 




3 HDLC 


2.6 Mbps 


— 


— 




4 HDLC 


2.05 Mbps 


— 


— 




1ENET 


10 Mbps 


3 HDLC 


2.05 Mbps 


Minor restrictions on HDLC buffer 
length 


1ENET 


10 Mbps 


2 HDLC 


2.05 Mbps 




4UART 


625 kbps 


— 
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Async SCC 


4 UART-S 


625 kbps 


— 


— 


Sync UART sec 


4 BISYNC 


460 kbps 


— 


— 




1TRAN 


8 Mbps 


— 


^ 




2 IRAN 


4 Mbps 


— 


— 




3TRAN 


2.6 Mbps 


— 


— 




4 IRAN 


2.05 Mbps 


— 


— 




2TRAN 


1.6 Mbps 


— 


— 


SMC Channels 


2UART 


100 kbps 


— 


— 


SMC Channels 




NOTES: 

1 . These numbers are estimates generated prior to silicon. Additional worit will be perfomoed to Improve the 
accuracy of the SCC perfonnance numbers and will be reported in later revisions of this manual. 

2. All performance calculations assume a 25*MHz system clock and sync dock for the SCCs. The results 
scale lineariy with different system clock speeds. A change in the sync clock will not affect perfomnance as 
k>ng as the required 1 :2 or 1 :2.5 ratio is maintained. 

3. In all cases, the numbers assume data is stored in extemal system RAM. 

4. The performance is not expected to degrade based on the number of wait states in the system, as k>ng as 
the system RAM has between and 9 wait states. 

5. The performance table is also applicable when the time slot assignor on the QUICC is used. 

6. When the perfomnance of a high-speed channel together with a low-speed channel was measured, the 
high-speed channel was always SCC1. 

7. Performance in HDLC bus mode is the same as HDLC perfonnance for both full-duplex and half-duplex 
operation. (Half duplex is the nomnal configuration of HDLC bus mode; thus, HDLC half-duplex 
performance numbers would nomnally be used.) 

8. All results assume that the other RISC features are not operating— i.e., the RISC timer tables, the IDMA 
auto buffer and buffer chaining modes, the parallel interface port, and the other serial channels. If these 
features are operating, perfonnance may be slightly reduced. The DRAM refresh controller has no effect 
on the perfonnance. 

9. Except for Ethernet, all table results assume continuous full-duplex operation. Results for half-duplex 
operation are roughly 2x better. 

10. The SMC perfonnance results are without the SCCs operating; othenwise, SMC perfonnance may be 
reduced. Although the exact SMC perfonnance that can be obtained is detennined by many RISC 
utilization factors and is therefore difficult to estimate, it is expected that 9.6 kbps on both SMC UARTs 
could be simultaneously supported in most situations. 
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APPENDIX B 

DEVELOPMENT TOOLS AND SUPPORT 

Several software development packages are offered as a set of independent modules that 
provide the following features: 

• QUICC Chip Evaluation 

By running the modules on the development board described in B.5 M68360QUADS 
Development System, it is possible to examine and evaluate the QUICC. Symbolic, 
user-friendly menus allow control of all parts of the QUICC. 

• QUICC Simple Drivers 

Written in C, the source code of the QUICC drivers is available on the IVIotorola 
Freeware Bulletin Board (512-891-3733, 8 data, no parity, 1 stop). These drivers were 
developed to support the needs of the general user. Although they are based on the 
regular QUICC drivers, they provide call-oriented interfaces and self-contained 
QUICC initialization routines and interrupt handling for a given protocol. 

• QUICC Chip Drivers 

Written in C, the source code of the QUICC drivers is available on electronic media. 
These drivers were developed to support the needs of the protocol implementations. 

• Protocol Implementations 

Modules implementing common ISO/OSI layer 2 and 3 protocols are available under 
license. These are in the form of binary relocatable object code as well as source 
code written in C. 

• Portability 

All of the modules may be ported to different QUICC implementations and combined 
with user-developed code. Well-defined software interface documentation is available 
for all provided modules. 

B.I MOTOROLA SOFTWARE MODULES 

Chip driver routines written in C illustrate initialization of the QUICC, interrupt handling, 
and the management of data transmission and reception on all channels. 

In addition to the chip drivers, protocol modules are provided. Layer 2 modules include 
LAPB and LAPD. The layer 3 module is the X.25 pacl<et layer protocol. 

Since the modules require some minimal operating system services, the EDX operating 
system kemel is provided. EDX is the kernel implemented on the QUADS board (see 
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B.5 M68360QUADS Development System). Use of EDX with the protocol modules is not 
required as long as some other operating system support is provided by the user. 

All modules communicate with each other using message passing. This technique 
simplifies the interfaces between the different modules and enables them to interface with 
other user-added modules with relative ease. Detailed descriptions of the software 
interfaces are available. 

Each module operates completely independent of its environment. Independence from the 
hardware environment is achieved by the fact that each module is individually configurable 
and relocatable anywhere in system memory. Calls are used for requesting resources or 
services from the resident operating system (memory management and message 
passing), which creates independence from the fimnware. Modules may be used with any 
combination of other modules, including those added by the user (see Figure B-1 ). 



LAYER 4 



USER-SUPPUED 



LAYERS 



USER-SUPPUEO 



O.S. SUPPORT 



EDX REAL-TIME KERNEL 
OR USER-SUPPUED O.S. 

COMMUNICATES WITH 
ALL MODULES BELOW 



X2S 
MODULE 



LAPO MODULE 



LAYER 2 




MESSAGE PASSING IS THE ONLY FORM OF 
INTERMODULE COMMUNICATION 



LAPS MODULE 



USER-SUPPUED 



DRIVER MODULE 



ACCESS TO THE 
68360 IS 

MADE THROUGH 
THE DRIVER 




LAYER 1 



MC68360 
DEVICE 



USER-SUPPLIED MODULES CAN BE 
INTEGRATED AT ANY LEVEL 



■THE 68360 DOES SOME 
LAYER 2 FUNCTIONS (E.G., 
ADDRESS RECOGNITION) 



Figure B-1. Software Overview 
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The chip driver module and simple driver module features are as follows: 

• Provides all software modules with an interface to the QUICC 

• Illustrates QUICC initialization and interrupt handling 

• Provides complete configuration of the QUICC on system start (or restart) 

• Provides services for the QUICC serial ports 

— Supports linked lists of frames for both transmit and receive 

— Provides error handling and recovery for both transmit and receive 

— Supports all serial ports in different protocol configurations 

— Provides intemal loopback (frames not sent to QUICC) 

• Provides timer services 

• Can be configured to send trace messages to a system log file 

• Supports up to 24 serial ports 

The LAPD module features are as follows: 

• Fully implements 1988 CCITT Recommendation Q.920/Q.921 

• Supports up to 12 physical channels (8192 logical links per channel) 

• Supports management and broadcast links 

• Supports user and network applications 

• Uses dedicated transmit pool for fast control frame generation 

• Dynamic modification of protocol parameters 

• Independent of layer 1 and layer 3 implementation 

• Independent of layer 2 management 

• Message-oriented interface 

• Independent configuration of upper and lower layer modules interfacing with each 
LAPD link 

• Special mode for intemal loopback between pairs of links 

• Supports extemal loopback between two QUICC serial channels or on the same 
serial channel 

• Trace option for reporting to system management each primitive issued by the l_APD 
module to the layer 3 or layer 2 management 

The LAPB module features are as follows: 

• Fully implements 1988 CCITT Recommendation X.25, chapters 2.1-2.4 

• Supports up to 12 distinct physical channels with each operating as an independent 
station 

• Modulo 8 or 128 operation 

• Applicable for DTE and DCE applications 
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Uses dedicated transmit pool for fast control frame generation 

Dynamic modification of protocol parameters 

Independent of layer 1 and layer 3 implementation 

Message-oriented interface 

Independent configuration of upper and lower layer modules Interfacing with each 
LAPBIink 

Special mode for internal loopbacl< (frames are not sent to the driver) 

Supports external loopback between two QUICC serial channels or on the same 
serial channel 

Trace option for reporting to system management each primitive Issued by the LAPB 
module to layer 3 or layer 2 management 

The X.25 module features are as follows: 

• Fully implements 1988 CCITT Recommendation X.25, chapters 3.1-7.3 

• May be used with both layer 2 modules: LAPD or LAPB 

• Unlimited number of layer 2 interfaces 

• Supports up to 4095 logical channels for each interface 

• Many DTE/DCE interface parameters (configurable for each interface): 
— DTE/DCE 

—Modulo 8 or 128 operation 

— Window size 

— Maximum receive and transmit packet lengths 

• Layer 4 message fragmentation/assembly using M-BIT 

• Q-BIT support 

• All standard CCITT X.25 facilities 

• Compatible with X.21 3 interface primitives 

• Logical channel parameters (configurable for each Interface): 
— Interface ID 

—DTE/DCE 

— Permanent virtual circuit/virtual call 

— D-BIT support 

— On-line registration support 

— TOA/NPI address mode 

— Fast select facility support 

— Logical channel (and group) numbers 

—Protocol parameters (w, Til, T12, T21, T22, N12, N13) 

— Maximum data packet length (unlimited) 
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« Message-oriented interface 

• Independent of layer 2 and layer 4 implementation 

The EDX module features are as follows: 

• The EDX event-driven executive Is an operating system kemel that provides: 

— Multitasking with simple task scheduling 

— Message passing between tasks 

— Memory allocation 

• EDX was designed to be: 

— Fast (written mostly in M68000-family assembler) 

— Efficient (uses approximately 1 .5 Kbytes of ROM) 

• EDX was designed for use in communications environments. It provides "soft" real- 
time scheduling, not the "hard" real-time scheduling needed in many event control 
applications. 

The approximate compiled object-code sizes are as follows: 
Chip Drivers 30K 
LAPD 30K 

LAPB 20K 

X.25 48K 

EDX 2K 

Object-code sizes may be reduced from these figures if optional module features are not 
compiled. A RAM scratchpad area (around 4 Kbytes) and buffer space are also required 
for the modules (except for EDX). 

An additional user-interface module is used on the QUADS board. The user-interface 
module, which supports a window-based host program running on the host computer, 
interfaces to the QUICC and each functional protocol module. This module may be used 
for chip evaluation or as a tool for debugging user-developed applications. Menu options 
allow the user to issue specific commands or to examine the appropriate module's 
memory structures (or the QUICC register set and on-chip dual-port RAM). The 
commands may result In specific QUICC commands or In the execution of protocol- 
defined primitives in one of the protocol modules. 

The chip driver module is available in C-language source-code form and is included in 
object-code form on the QUADS board. The source code requires no license. 

The LAPB, LAPD, and X.25 modules are available in C-language source-code form and 
are also Included in object-code form on the QUADS board. The source code requires a 
license from Motorola. 
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NOTE 

If the chip driver, i_APB, LAPD, or X.25 modules are to be used 
on the QUADS board, an ADI board is also required. 

The EDX Icemel is available In assembler source-code form and is included in object-code 
form on the QUADS board. The source code requires a license from Motorola. 

Contact the local Motorola sales office for license terms. 

B.2 OTHER PROTOCOL SOFTWARE SUPPORT 

Third parties also offer additional protocols that may be used with the QUICC. They 
include ISDN protocols such as Q.931 and general communication protocols such as 
TCP/IP. Contact the local sales representative for information on third-party protocols. 

B.3 THIRD-PARTY SOFTWARE SUPPORT 

Since the QUICC is a memory-mapped device based on a CPU32+ core, existing 
compilers, source-level debuggers, assemblers, and linkers designed for the CPU32 
family may be successfully used. Many third parties supply such tools as well as software 
tools specifically designed to work with the QUADS board. 

NOTE 

The CPU32+ enhancements over the CPU32 are compatible 
with existing CPU32 software tools. 

B.4 IN-CIRCUIT EMULATION SUPPORT 

Full in-circuit emulation support is available from multiple third parties, but it is not 
discussed in this manual. 

B.5 M68360QUADS DEVELOPMENT SYSTEM 

The M68360 QUICC Application Development System (M68360QUADS) is a standalone 
board that includes the previously discussed software modules, a board-level real-time 
kernel (EDX), and a monitor/debugger (CPU32BUG). It is a flexible yet lower cost 
alternative to full in-circuit emulation, it also provides an immediate platfomn for developing 
and testing hardware and software. 

The QUADS board is a follow-on to the MC68302 ADS board. Users of the MC68302 ADS 
board will find the QUADS to be similar in approach and flexibility. 

The QUADS board consists of a master QUICC (full Ethernet version MC68EN360), 
memory (1 Mbyte of DRAM SIMM with parity, 512 Kbytes of flash EPROM, 128 Kbytes of 
boot EPROM, and 256 bytes of EEPROM), and a slave QUICC (full Ethernet version 
MC68EN360) to implement serial (RS-232) and parallel (ADI) ports needed by the 
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QUADS board. This configuration leaves all resources of the master QUICC available to 
the user (see Figure B-2). 

The flash EPROM has on-board programming capabilities that allow the user to program 
his own software on the board or update the software provided by Motorola. 
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In addition, the QUADS board provides the hardware connection for a BDiVI input 
connection to the master QUICC so that third-party BDI\^ software may be used to control 
the QUADS board. 

The user may wish to begin writing software on the QUADS board without waiting for the 
target board to be completed. The QUADS board allows this by providing the hardware 
connections to Ethernet (twisted-pair and AUI), LocalTalk (AppleTalk), and an RS-232 
port. The Ethernet connection offers full support of twisted-pair and AUI through the use of 
the MC68160 EEST device. The LocalTalk connection is made through an RS-422 
transceiver. Applications not needing LocalTalk can use the RS-422 to implement other 
proprietary LANs. The BDM output connector allows the QUADS board to control another 
device using background debug mode. All these connections are made through the slave 
QUICC to prevent master QUICC resources from being impacted. 

If the user application includes a need for the RS-232 port, the system RS-232 port may 
be used for the application if the host computer is connected to the QUADS board via the 
parallel port. 

More detail of the QUADS system is shown in Figure B-3. Buffers are provided in this 
system so that the system functions do not affect the fanout of the expansion connector. 
In a real application, such buffers and the local bus arbiter are not necessarily required. 
The slave QUICC provides the system integration functions (such as chip selects) that 
would normally be provided by the QUICC's own SIM. Thus, the expansion connectors 
provide all the master QUICC resources without using these resources and provide a non- 
degraded QUICC electrical interface. 

To assist with target board development, the QUADS board may be connected to the 
target board through the edge connectors or through a PGA connector using a flexible PC 
board supplied by a third party. (Adapters from PGA to PQFP are also available from third 
parties.) Prototype boards may therefore make use of signals available from the QUADS 
development board. Target board execution may be carried out with the QUICC executing 
from the QUADS board memory, from target board memory, or a combination of both. 

The QUADS board also contains connections for use by a logic analyzer, allowing all 
QUICC pins to be examined. Connectors between the QUADS board and common logic 
analyzers are available from third parties. 

To connect the QUADS board to a host computer, a parallel interface cable and host 
interface (ADI) board are supplied. Hosts include the IBM-PC and SUN-4 systems. 
Available software executing on the host allows uploading and downloading of files and 
data between the host and the QUADS board and allows control of the user interface 
module through a window-based interface program resident on the IBM-PC or SUN-4. 
Source-level debugging support through this interface and the serial interface is provided 
by third-party vendors. 
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NOTE 

The ADI boards mentioned here are the same ADI boards 
used with the MC68302 ADS system. If the user aiready 
purchased an ADI board for a MC68302 development project, 
that same board may be used with the QUADS board as long 
as the ADI board supports the IBM-PC, SUN-3, or SUN-4. The 
user only has to obtain new host software to interface to the 
QUADS board. 
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Figure B-3. QUADS Block Diagram 




To connect the QUADS board to a host computer, a parallel interface cable and host 
interface (ADI) board are supplied. Hosts include the IBM-PC and SUN-4 systems. 
Available software executing on the host allows uploading and downloading of files and 
data between the host and the QUADS board and allows control of the user interface 
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module through a window-based interface program resident on the IBM-PC or SUN-4. 
Source-level debugging support through this interface and the serial interface is provided 
by third-party vendors. 

NOTE 

The ADI boards mentioned here are the same ADI boards 
used with the MC68302 ADS system. If the user already 
purchased an ADI board for a MC68302 development project, 
that same board may be used with the QUADS board as long 
as the ADI board supports the IBM-PC, SUN-3, or SUN-4. The 
user only has to obtain new host software to interface to the 
QUADS board. 

To serve as a convenient platform for software development, the QUADS board Is 
supplied with a real-time kernel and a CPU32BUG monitor/debugger. The real-time kernel 
(EDX) offers basic operating system services such as multitasking and memory 
management. The CPU32BUG monitor/debugger provides operations of memory dump 
and set (with optional assembly/disassembly of CPU32+ instructions), single instruction 
execution, breakpoints, and downloads over the serial and parallel interfaces. 

Additionally, the QUADS board contains the software modules (protocol, driver, and user 
interface modules) in EPROM or in downloadable S-record format. An ADI board is 
required if the protocol or driver modules are to be used on the QUADS board. 

B.6 OTHER DEVELOPMENT BOARDS 

Additional third-party support includes very low-cost development boards for the QUICC 
as a standalone device. Additionally, third parties will include specialized development 
boards for such applications as the QUICC's MC68040 companion mode, which has the 
MC68040 and the QUICC on the same board. Contact the local sales representative for 
information on third-party development boards. 

B.7 DIRECT TARGET DEVELOPMENT 

The QUICC BDM, along with its on-chip hardware breakpoint capabilities, make it possible 
for some low-budget development projects to eliminate the development board or 
emulator. Third parties have software support that allows direct use of the QUICC 
background debug port. Thus, with a tool such as an IBM-PC for software development, a 
simple hardware connection between the PC and the QUICC BDM, and a PC software 
package that controls the QUICC through the BDM, an inexpensive "direct target" 
development environment is obtained. 
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APPENDIX C 

RISC MICROCODE FROM RAM 

The RISC processor in the QUICC has an option to execute microcode from the first 512 
or 1024 bytes of the internal dual-port RAM. Motorola uses this feature to enhance 
existing protocols or implement additional protocols. Customers can purchase one or 
more of these RAM microcodes in an object-code format and download it to the QUICC 
dual-port RAM during system initialization. 

The RAM microcode is provided by Motorola as a set of S-records that can be 
downloaded directly to an application development system or stored in a system EPROM. 
After system reset, the binary of the microcode should be copied to the QUICC dual-port 
RAM. The QUICC registers, Including the RISC controller configuration register (RCCR), 
should be initialized as specified in the microcode RAM documentation. Before the RISC 
is used in the system, the user should issue a reset command to the communications 
processor command register (CR). The microcode RAM functions are available in addition 
to all protocols available in the standard QUICC microcode ROM, 

The following microcode RAM protocols are completed, In progress, or under 
consideration by Motorola. Please contact the local Motorola semiconductor sales office 
for further infomnation on these packages. 

C.1 SIGNALING SYSTEM #7 CONTROLLER 

Signaling system #7 (SS7) is a management protocol (Q.703) used in public switching 
networks. The physical, data link, and network layer functions of the SS7 protocol are 
called the message transfer part (MTP). 

The data link layer portion of the MTP (layer 2) is based on HDLC frame formats. 
However, SS7 at layer 2 also includes unique functions that are difficult to implement 
using an unaltered HDLC controller. These functions include counting the number of 
octets by which a frame is too long; the continuous sending and receiving of fill in signal 
units (FISUs) and link status signal units (LSSUs); and the ability to send and receive a 
single shared flag between frames. FISUs are five-byte frames (three bytes plus two CRC 
bytes) that are continuously sent back-to-back when no other data needs to be 
transmitted. LSSUs are also sent back-to-back during the initial alignment of the protocol. 
LSSUs are six or seven bytes long. SS7 differs from other HDLC-based protocols in that 
the closing flag of one frame can be the opening flag of the next frame. Since these 
characteristics can make SS7 implementations very demanding, the SS7 controller on the 
QUICC provides additional help in these areas. 
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The SS7 controller enhances the basic HDLC functionality to Include those additional 
layer 2 functions that are difficult or time consuming for an external processor to 
implement. 

The main SS7 controller features are as follows: 

• Flexible Data Buffers with Multiple Buffers per Signal Unit Allowed 

• Separate Interrupts for Received Signal Units and Transmitted Buffers 

• Discard Short (Less Than Five Octets) Signal Units 

• Automatic FISU Transmission and Reception Filtering 

• FISU Support (Two out of Three) 

• Automatic LSSU Retransmission 

• Octet Counting Mode Support 

• Maintenance of Error Counters 

• Standard HDLC Features 

— Flag/Abort/ldle Generation/Detection 

— Zero Insertion/Deletion 

— 16-Bit CRC-CCITT Generation/Checking 

— Detection of Non-Octet-Aligned Signal Units 

— Programmable 0-15 Flags Between Successive Signal Units 

• Detection of Signal Units That Are Too Long 

0.2 PROFIBUS CONTROLLER 

Process field bus (PROFIBUS) is a UART-based master-slave protocol that specifies data 
rates starting at 9.6 l<bps. The PROFIBUS microcode running on the QUICC RISC 
controller assists the core in handling some of the time-critical PROFIBUS link layer 
functions, leaving more of the core available for the application software. 

The main PROFIBUS controller features are as follows: 

• Automatic Frame Synchronization by Searching for the Start Delimiter 

• Frame Preceding IDLE Sequence Generation/Checking 

• Flexible Frame-Oriented Data Buffers 

• Separate Interrupts for Frames and Buffers (Receive and Transmit) 

• Maintenance of Four 1 6-Bit Error Counters 

• Two Address Comparison Registers with Mask 

• Detection of Frame Error, Noise Error, Parity Error 

• Detection of IDLE in the Middle of a Frame 

• Check Sum Generation/Checking 

• End Delimiter (ED) Generation/Checking 
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C.3 ASYNCHRONOUS HDLC SUPPORT 

This package allows HDLC-based Asynchronous Framing Techniques (AFT) to be used 
on a UART-based protocol. This supports the point-to-point protocol (PPP). 

C.4 DDCMP 

The byte-oriented digital data communications message protocol (DDCMP) was originated 
by DEC® for use in networking products. This protocol is available in the MC68302 
microcode ROM. It is a microcode RAM package on the QUICC. 

The supported features are as follows: 

• Synchronous DDCMP Links 

• Flexible Data Buffers 

• Four Address Comparison Registers with Mask 

• Automatic Frame Synchronization 

• Automatic Message Synchronization by Searching for SOH, ENQ, or DLE 

• CRC 16 Generation/Checking 

• Maintenance of Four 16-Bit Error Counters 

C.5V.1 4 SUPPORT 

This package supports the transmission and reception of asynchronous data over 
synchronous bearer channels. It is implemented in data circuit-terminating equipment 
(DCE). 

0.6 X.21 SUPPORT 

This package supports the transmission and reception of in-line signaling between data 
terminal equipment (DTE) and data communications equipment (DCE) for synchronous 
operation on public data networks. 

NOTE 

X.21 should not be confused with the more commonly used 
X.21 bis, which defines an interface to V-series mod ems . 
X.21 bis is already supported in QUICC hardware with the RTS, 
CTS, and CD lines. 




®DEC is a registered trademark of Digital Equipment Corporation. 
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EEPROM. 1-14, 7-318, 9-8, 9-46 

EEST, 1-11,7-242 

Effects of Wait States on Instruction Timing, 5-93 

Enhanced Ethernet Serial Transceiver, 1-11 

ENTER HUNT MODE, 7-151, 7-179, 7-210, 7-211, 

7-233, 7-257, 7-286, 7-301, 7-302 
EPROM. 9-5. 9-39 
Error Stack Frames, 5-60-5-61 
Error-Handling. 7-1 58, 7-21 4, 7-261 
Ethernet, 7-117, 7-119, 7-120, 7-182 

Address Recognition Flowchart. 7-259 

Address Recognition, 7-258 

Block Diagram. 7-243 

Broadcast Address, 7-263 

CAM Interface, 7-249 

Channel Frame Reception, 7-248 

Channel Frame Transmission. 7-247 

Collision Handling, 7-260 

Command Set. 7-256 

Connecting QUICC to Ethernet. 7-245. 7-246 

Controller, 7-241 

EEST, 7-242 

Error-Handling Procedure, 7-261 

Ethernet/802.3 Frame Format, 7-241 

First-Time user. 7-245 

Hash Table Algorithm. 7-260 

Heartbeat. 7-263, 7-269 

Internal and Extemal Loopback, 7-261 

Interpacket Gap Time, 7-260 

Late Collision 7-269 

Learning Ethernet on the QUICC 7-244 

Me68160. 7-242 

Memory Map, 7-253 

Nonoctet Aligned, 7-267 

on QUICC, 7-242 

PB15-PB8 Pins, 7-249 

Programming Model, 7-256 

Promiscuous, 7-263 

QUICC Ethernet Serial CAM Interface, 7-250 

Receive Buffer Descriptor, 7-264 

Retry Count, 7-269 

Sample One Byte, 7-249 

sec Ethernet Example, 7-272 

Short Frame Padding, 7-268 

Short Frame. 7-267 

SIA. 7-242 

Tag Byte. 7-251,7-264 

TCP/IP, 7-241 

Transmit Buffer Descriptor. 7-268 
EVT. 9-16 
Exception 

Handler. 5-36, 5-41-5-42, 5-50-5-51, 5-53, 5-55- 
5-59 

Priorities, 5-40 

Processing, 5-36-5-37. 5-40-5-42. 5-45-5-46. 
5-49-5-50.5-56.5-61,5-89 

Vectors, 5-39, 5-46. 5-63 
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EXTAL.2-12 
External 

Burst Requests, 7-44 

Bus Interface Control, 6-23 

Bus Masters, 9-18 

Components, 6-15 

Cycle Steal, 7-45, 7-46 

Exception, 5-40 

Master Support, 6-64 

Master Wait State, 6-68 

Sync, 7-118 

Synchronization Signals, 7-230 

— F — 

F-line Instructions, 5-47 
Fast Termination, 4-22, 7-54 
Fault 

Address Register, 5-67 

Correction, 5-67 

Recovery, 5-52 

Types, 5-54-5-56 
FC, 2-6 
FC3-FC0,4-3 
FCR, 7-35 

Fetch Effective Address Timing Table, 5-100 
FIFO, 7-4, 7-183,214 

Latency, 7-117 

Length, 7-117 

Width, 7-117 
Fill Memory Block, 5-82 
First-Time User, 7-245 
Flag Status. 7-190 
Flash EPROM, 9-5, 9-42 
FMO, 7-120, 7-121, 7-139, 7-202 
FM1, 7-120, 7-121,7-139 
FORCE_BGND, 5-72 
Format Error Exception, 5-47, 5-52 
Four-Word Stack Frame, 5-60 
Fractional Stop Bits, 7-156 
Frame Sync Delay, 7-87 
Frames Threshold, 7-178 
FREEZE Support, 6-12 
FREEZE, 2-13, 5-66, 5-71, 6-32, 7-64 
Frequency Multiplication, 6-16 
Function Codes, 2-6, 4-3 

— G ~ 

GADDR, 7-255 

GCI, 7-85, 7-86, 7-99,7-274 

SMC, 7-311 

Controller, 7-31 1 
GCIDCL, 7-99 

General System Clock, 6-17 
General-Purpose Chip-Select Overview, 6-57 
General-Purpose Timers, 7-20 
GlitchDetect, 7-115, 142 
Glitch. 7-190 

Global (Boot) Chip-Select, 6-59, 6-27 
Global Memory Register, 6-65 



Glueless System, 1-9 

GMR, 6-57,6-65. 9-11,9-50 

GND,2-14 

GNDCLK, 6-21 

GNDSYN, 2-14. 6-20 

GO. 5-68, 5-76, 5-83 

GRACEFUL STOP TRANSMIT, 7-123, 7-151 . 7-179, 

7-210, 7-232, 7-257 
Grant Support, 7-88 
Grouped. 7-372 

GSMR Programming. 7-200, 7-204 
GSMR, 7-114 

— H — 

HADDR, 7-177 

Halt T ermination, 4-44 

HALT, 2-11, 4-21, 4-44, 4-50, 6-27, 7-48, 7-55, 7-63 

Hardware Breakpoints, 5-39, 5-42. 5-46, 5-60 

Hash Table Algorithm, 7-260 

HDLC, 7-117, 7-119, 7-173, 7-182 

Address Recognition Example, 7-178 

Channel Frame Reception Processing, 7-175 

Channel Frame Transmission Processing, 7-174 

Command Set. 7-178 

Controller, 7-173 

DPLL Error, 7-186 

Error-Handling, 7-180 

Example. 7-91 

FIFO. 7-180. 7-183 

Flag Status. 7-190 

Frames Threshold, 7-178 

Framing Structure, 7-174 

Glitch, 7-190 

Idle Sequence Status, 7-190 

Memory Map, 7-176 

Nonoctet Aligned, 7-181 

Programming Model, 7-178 

RxBD, 7-184 
HDLC Bus, 1-12,7-1 82, 7-1 93 

Accessing the HDLC Bus. 7-196 

Bus Collision Detection, 7-197 

Bus Controller Example. 7-201 

Bus Controller. 7-193 

Bus Key Features, 7-196 

Bus Memory Map and Programming, 7-200 

Bus Multi-Master Configuration. 7-195 

Bus Single-Master Configuration. 7-195 

Channel Frame Transmission Processing, 7-174 

Channel Frame Reception Processing. 7-175 

Command Set. 7-1 78 

Controll er. 7- 173 

Delayed RTS Mode, 7-198 

Error-Handling, 7-180 

Example, 7-191 

Frames, 7-201 

GSMR Programming. 7-200 

1.430. 7-194 

Interrupt. 7-189 

Memory Map. 7-176 

Non-Symmetrical Duty Cycle. 7-196 
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Programming Model, 7-178 

PSMR Programming, 7-201 

Receive Buffer Descriptor, 7-183 

RxBD, 7-184 

T1.605, 7-194 

Transmission Line Configuration, 7-198 

Transmit Buffer Descriptor, 7-187 

TSA Transmission line Configuration, 7-200 
Heartbeat, 7-263, 7-269 
Highest Priority, 7-372 
HMASK, 7-177 

1.430, 7-194 

I/O Pi ns, 7-339 

lACK, 2-8. 2-9. 6-49 

IACK5, 4-42 

lADDR, 7-256 

ICCR, 7-30 

IDL. 7-85, 7-92, 7-274 

Interface Example, 7-93 

Interface Programming, 7-97 
Idle Sequence Status, 7-190 
Idle Status, 7-170 

IDMA (Independent DMA Controller), 6-33, 7-38, 7-39, 
7-64 

Auto Buffer Example, 7-60 

Buffer Descriptors, 7-39 

Bus Arbitration (Normal Operation), 7-47, 7-48 

Channels, 7-28 

Controller Block Diagram, 7-29 

Controllers, 7-28 

Dual Address Destination Write, 7-50 

Dual Address Mode, 7-49 

Dual Address Packing, 7-50 

Dual Address Source Read, 7-50 

Dual Address Transfer Example, 7-49 

Examples, 7-59 

External Burst Requests, 7-44 

External Cycle Steal, 7-45—7-46 

Fast-Termination Option, 7-54 

Operand Transfers, 7-49 

Registers, 7-30 

Requesting IDMA Transfers, 7-42 

Single Address Mode, 7-52 

Single Address Transfer, 7-52 
IEEE 80 2.3. 7-241 

IFETCH, 2-12, 5-64, 5-68, 5-87, 5-89 
1MB, 1-4 

Immediate Arithmetic/Logic Instruction Table, 5-105 
IN, 5-52. 5-54-5-56 
In-Line Synchronization Pattern. 7-229 
INIT RX PARAMETERS, 7-152, 7-180, 7-211, 7-233, 

7-257. 7-286. 7-303, 7-330 
INIT TX AND RX PARAMETERS Command, 7-313 
INITTX PARAMETERS, 7-151, 7-210, 7-233. 7-257, 

7-286, 7-302, 7-329 
INIT_IDMA, 7-42 
Initialization, 9-10 
Instruction, 5-66 



Execution Overlap. 5-92. 5-94 

Execution Time Calculation, 5-94 

Pipeline Operation, 5-92 

Signal, 5-65, 5-68, 5-71-5-72 

Timing Tables, 5-98 
Intel, 7-129, 7-278, 7-327 
Interface Multiple QUICCs to an MC68EC040, 9-52 
Interface Signals, 7-37 
Interlocked Data Transfers, 7-339 
Intermodule Bus, 1 -4 
Internal Accesses, 4-64 
Internal and External Loopback, 7-261 
Internal Exceptions, 5-40 
Internal Memory, 3-1 
Internal Registers Memory Map, 3-4 
Interpacket Gap Time, 7-260 
Interrupt, 6-27, 7-189, 7-362, 9-17, 9-24, 9-35 

Acknowledge. 4-39 

Arbitration, 6-9, 6-35 

CPM Interrupt Controller, 7-362 

Events Example, 7-168 

Exceptions. 5-40 

Generation. 6-7 

Grouped, 7-372 

Handler Examples. 7-375 

Handling. 7-297. 7-337 

Highest Priority. 7-372 

In-Service Register, 7-374 

Inter rupts from the SCCs, 7-131 

ROx, 7-372 

Level, 7-363 

Mask Register, 7-373 

Masking Interrupt Sources, 7-367 

Nested Interrupts, 7-367 

Pending Register, 7-372 

Periodic Interrupt Request Level Encoding, 6-39 

QUICC Interrupt Structure, 7-364 

RXF Interrupt, 7-178 

sec Interrupt Handling, 7-133 

Service Mask, 6-34 

Slave Mode, 6-27 

SMC Interrupt Handling, 7-310 

SMC UART, 7-295 

Source Priorities, 7-365 

Spread, 7-372 

Structure, 6-8 

Vector Base Address, 7-372 

Vector Generation, 7-368 

Vector, 6-9 
Inverted HDLC. 7-120 
IOM-2 . 7-274 
lOUT, 6-49 
1UUT2-IOUT0, 6-28 
IPEND , 9-36 

TPlPE, 2-12, 2-14, 5-64, 5-68, 5-87-5-89, 6-50 
IRQ, 2-8. 6-27. 6-28, 7-372 
IRQ1.6-49 
ISDN, 7-182, 7-318 
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LICLKOx, 7-99 

L1GRx,7-95 

LIRCLKx, 7-95. 7-99 

LIRQx, 7-85. 7-95 

LIRSYNCx. 7-86. 7-95. 7-99 

LIRXDx, 7-78. 7-95. 7-99, 7-275 

L1STA1, 7-78 

L1STB1, 7-78 

LITXDx, 7-78, 7-95, 7-99, 7-275 

LAPB, 7-173 

LAPD, 7-173 

Larger QUICC System, 1-10 

Late Collision, 7-269 

Learning Etiiernet on the QUICC, 7-244 

Line Fill, 6-80 

Little-Endian, 7-129, 7-278, 7-327 

LocalTalk Frame Format, 7-201 

LocalTalk, 1-12, 7-120, 7-201 

Low Power in Nomial Operation, 6-13 

Low-Power Divider, 6-16 

Low-Power Stop (LPSTOP), 4-38. 6-12 

LRC, 7-215 

— M — 

M68HC05, 7-318 

M68HC1 1,7-318 

M68000 Code, 9-19 

Manchester, 7-121, 7-139, 7-241 

Masking Interrupt Sources. 7-367 

Master Mode, 7-321 

Master, 7-320 

Master-Slave QUICC, 1-20 

MAX_IDL, 7-148, 7-284 

MAXD1. 7-255 

MAXD2, 7-255 

MBAR, 3-1, 3-2, 4-39, 6-1. 6-3, 6-25, 6-29, 9-14 

MBARE. 6-26, 6-30 

MC68EC040 to QUICC Interface, 9-33. 9-34 

MC68EC040, 1-20. 6-32. 6-54. 9-33 

MC68HC1 1,1-14 

MC68030, 4-1,6-25 

MC68030-Type, 6-56 

MC68040, 6-67, 6-78, 9-33 

BR040ID, 6-31 

Burst Length, 6-78 

Burst, 6-78, 6-80 

Bursts, 6-73 

Companion Mode, 1-6, 1-20, 6-25 

Line Fill. 6-80 
MC68160, 1-11,7-242 
MC68195 LocalTalk Adaptor, 1-12. 7-201 
MC68302. 1-1, 1-7, 9-18 
MC68332. 1-7 



MC68340. 1-7. 4-1 

MC68360, 1-1 

MCI 45554. 7-319 

MCM36100S. 9-8. 9-47 

MCM54260. 9-9. 9-47 

MCM62940A, 9-42 

MCR, 6-31,9-11 

Memory Controller Block Diagram, 6-53 

Memory Controller, 6-51 

Memory Interfaces, 9-4, 9-38 

Memory Map, 3-2 

MFLR, 7-177, 7-254, 7-255 

Microbus Controller, 5-90, 5-92 

Microcode Revision Number. 7-6 

Microcode. 7-5 

Micrpsequencer Operation, 5-92 

MINFLR, 7-255 

Minimum QUICC System, 1-9 

Minimum System Configuration, 9-1 

Misaligned Accesses, 5-1 

Misaligned Operands, 4-14 

MODCK. 2-12 

MODCK1-MODCK0, 6-21 

Monitor Channel Reception, 7-312 

Monitor Channel Transmission, 7-312 

Monitor Channel, 7-314 

Mono-Sync, 7-1 1 8 

Motorola Byte Ordering, 7-129, 7-278, 7-327 

Motorola Mode, 7-129 

MOVE Instruction Timing Table. 5-102 

MOVEM Faults, 5-52-5-54, 5-56 

MOVER Faults, 5-55 

MRBLR, 7-130, 7-279, 7-328 

MSTAT, 6-57, 6-71 

Multi-Master Operation, 7-322 

Multidrop Mode. 7-152 

Multiprocessor System, 5-61 

— N — 

NC, 2-11, 2-14 

Nested Interrupts, 7-367 

Nibblesync, 7-206 

NMARC, 7-177 

NMSI, 7-66, 7-120. 7-275 

BRGOx, 7-103 
Non-Symmetrical Duty Cycle, 7-198 
Nonoctet Aligned. 7-181, 7-267 
Normal Asynchronous Mode, 7-147 
Normal Termination, 4-44 
NRZ, 7-121,7-138 
NRZI Mark. 7-120, 7-138 
NRZI Space, 7-120, 138 
NRZI, 7-121 



On-the-Fly Changes, 7-142 
Opcode Tracking in Loop Mode, 5-63 
Opcodes. 7-8 
Open-Drain. 7-350 
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Operand 

Faults, 5-56 

Size Field, 5-73 
Operation Field, 5-73 
Option Register, 6-76 
OR, 6-57, 9-12, 9-51 
Oscillator Prescaler, 6-15 
Oscillator, 6-14 
Output Enable {OE), 2-1 0, 4-5, 6-49, 6-50 

— P — 

P1284, 7-337 

PADAT, 7-352 

PADDR, 7-255 

PADIR, 7-352 

PADS. 7-254 

Page Mode Support, 6-62 

Page Mode, 6-77 

PAODR, 7-351 

PAPAR, 7-352 

Parallel Interface, 1-15 

Parallel I/O Port, 7-132, 7-337, 7-349 

Port A Examples, 7-352 

Port A Registers, 7-351 

Port A, 7-350 

Port B Example, 7-358 

Port B Pin Functions, 7-354 

Port C Pin Functions, 7-358 

Port C Registers, 7-360 

Port D, 6-24 

Port E, 6-24 
Parameter RAM, 7-13 
Parity Enable, 7-162 
Parity, 6-58, 6-70, 6-72, 6-73, 7-217 
PB15-PB8 pins, 7-249 
PBDAT, 7-349, 7-357 
PBDIR , 7-349, 7-357 
PBODR, 7-349, 7-356 
PBPAR, 7-348, 7-357 
PCDAT, 7-361 
PCDIR, 7-361 
PCPAR, 7-361 
peso, 7-361 

PEPAR, 6-49, 9-11, 9-15, 9-50 
Periodic Interrupt Request Level Encoding, 6-39 
Periodic Interrupt Timer, 6-5, 6-1 1 
Peripherals, 5-76, 5-85 
PICR, 6-39 
Pin Differences, 6-28 
PIP, 7-337, 7-344, 7-347. 7-355 

Block Diagram, 7-338 

BUSY Signal, 7-342 

Centronics, 7-342 

I/O Pins, 7-339 

Interlocked Data Transfers, 7-339 

Parallel Interface Port, 7-337 

PIP Block Diagram, 7-338 

Port B Pin Functions, 7-354 

Port B Registers, 7-348, 7-356 



Port B, 7-339 

Programming Model, 7-344 

Pulse Data Transfers, 7-340 

Pulsed Handshake Timing, 7-342 
PIPC. 7-344 
PIPE, 7-347 
PIPM. 7-348 
PIT. 6-11 
PITR. 6-40 

PLL Power Pins. 6-20 
PLL, 6-15 
PLLCR, 6-13. 6-42 
Port A Examples, 7-352 
Port A Registers, 7-351 
Port A, 7-350 
Port B Example, 7-358 
Port B Pin Functions. 7-354 
Port B Registers, 7-348, 7-356 
Port B, 7-339 

Port C Pin Functions, 7-358 
Port Registers, 7-360 
Port D, 6-24 
Port E. 6-24 
Port Sizes. 4-8 
Porting. 9-18 
Postincrement. 5-6. 5-13 
Power-On Reset, 9-3 
PPP, C-3 

Predecrement. 5-6. 5-13 
Prefetch 

Controller, 5-91 

Faults, 5-55. 5-62 
Priority of the RISC. 7-4 
Privilege Violation. 5-60 
Profibus, 7-145 
Program 

Control Instructions, 5-25 

Counter. 5-2. 5-60. 5-62, 5-67 
Program Counter, 9-13 

Programmer's Model, 6-29, 6-65, 7-322, 7-344 
Programming SI RAM Entries, 7-77 
Programming the BISYNC Controller, 7-224 
Promiscuous. 7-226, 7-263 
PRTY, 2-7 

PSMR Programming, 7-201, 7-205 
PSMR, 7-124, 7-159, 7-179. 7-181, 7-215, 7-234, 

7-262 
PTPR. 7-347 

Pulse Data Transfers, 7-340 
Pulsed Handshake Timing. 7-342 

— Q — 

QUad Integrated Communication Controller, 1-1 
QUICC, 1-1 

AppleTalk Hardware Connection, 7-203 

Block Diagram. 1-5 

Ethernet Serial CAM Interface, 7-250 

Functional Signal Groups. 2-2 

Internal Clock Signals, 6-1 7 

Interrupt Structure, 7-364 
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Key Features, 1-1 
Memory Map, 3-1, 3-2, 6-4 
System Configuration, 6-56 

— R — 

R/W Field. 5-73 
RW, 4-3 
RA,2-11 
RAM 

DRAM Banks, 6-60 

Microcode, 7-5,7-13,7-241 

SPI Parameter RAM Memory Map, 7-326 

SRAM Banl<s. 6-57 
RAS, 2-7 , 6-32, 6-61, 6-64, 6-66, 6-67 
RAS1 DD, 2-7, 2-12 
RAS2 2-11 

RAS2DD, 2-10, 6-27, 6-50 
RBASE, 7-128, 7-278, 7-326 
RBPTR, 7-130, 7-280, 7-329 
RCCM, 7-209 
RCLK. 7-105 
Read 

A/D Register, 5-76 

Cycle, 4-24 

Memory Location, 5-79 

-Modify-Write Cycle, 5-53 

-Modify-Write Faults, 5-55 

-Modify-Write, 4-31 

System Register Command, 5-67 
Real-Time Clock, 7-318 
Receiver Shortcut, 7-282 
Receiver, 7-281 
Refresh Cycle, 6-66 
Refresh Operation, 6-63, 6-66 
Register Field, 5-73 
Registers, 3-1 

AVR, 6-35 

BCR, 7-35 

BDLE, 7-209 

BDLE-BISYNC DLE Register, 7-21 3 

BKAR, 6-45 

BKCR, 6-46 

BR. 6-57, 6-72 

BRGC, 7-109 

BSYNC, 7-209 

BSYNC-BISYNC SYNC Register. 7-213 

CDVCR, 6-13, 6-43 

CICR, 7-370 

CIMR. 7-373 

CIPR. 7-372 

CISR, 7-374 

CLKOCR, 6-13, 6-40 

CMAR. 7-37 

CMR. 7-32 

CR. 7-7 

CS. 6-73 

CSR, 7-35 

DAPR, 7-35 

DFC, 4-39 

DHR. 7-37 



DPRBASE, 3-2 

DSR. 7-124 

FCR. 7-35 

GADDR, 7-255 

GMR, 6-57, 6-65 

GSMR, 7-114 

HADDR, 7-177 

HMASK, 7-177 

lACK, 6-49 

lADDR. 7-256 

ICCR, 7-30 

Internal Registers Memory Map. 3-4 

Map. 3-1 

MAXD1. 7-255 

MAXD2. 7-255 

MBAR. 3-1. 3-2. 6-1. 6-3. 6-29 

MBARE. 6-30 

MCR. 6-31 

MFLR. 7-177. 7-254, 7-255 

MINFLR. 7-255 

MRBLR, 7-130, 7-279, 7-328 

MSTAT, 6-57, 6-71 

NMARC, 7-177 

OR, 6-57 

PADAT, 7-352 

PADDR, 7-255 

PADIR, 7-352. 7-357 

PADS. 7-254 

PAODR, 7-351 

PAPAR, 7-352 

PBDAT, 7-349, 7-357 

PBDIR, 7-349 

PBODR, 7-349, 7-356 

PBPAR, 7-348. 7-357 

PCDAT. 7-361 

PCDIR. 7-361 

PCPAR. 7-361 

peso, 7-361 

PEPAR. 6-49 

PICR, 6-39 

PIPC. 7-344 

PIPE. 7-347 

PIPM. 7-348 

PITR. 6-40 

PLLCR. 6-13. 6-42 

PSMR. 7-124. 7-159. 7-179, 7-181. 7-215. 7-234. 

7-262 
PTPR. 7-347 

RBASE. 7-128. 7-278. 7-326 
RBPTR, 7-130, 7-280, 7-329 
RCCM, 7-209 
RCCR, 7-5 
RET_Lim. 7-254 
RFCR, 7-128. 7-278, 7-327 
RFTHR. 7-178 
RSR, 6-36 
RTER.7-18 
RTMR.7-.18 
SAPR, 7-34 
SCCE, 7-131, 7-167. 7-188. 7-222, 7-238, 7-270 
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SCCM, 7-131. 7-170. 7-191. 7-223. 7-239, 7-271 

sees. 7-132. 7-170. 17-91, 7-224. 7-239. 7-271 

SOAR. 7-66 

SOeR. 7-64 

SDSR. 7-66 

SFe. 4-39 

SieMR. 7-89 

SICR, 7-88 

SIGMR. 7-83 

SIMODE. 7-84 

SIRP. 7-90 

SISTR. 7-89 

SMCE. 7-294. 7-317 

SMeM. 7-295 

SMCMR. 7-276. 7-288, 7-303, 7-313 

SPCOM. 7-321.7-325 

SPIE. 7-334 

SPIM. 7-335 

SPMODE. 7-322 

SWIV. 6-37 

SWSR. 6-40 

SYPCR. 6-37 

TADDR. 7-256 

TBASE. 7-128, 7-278. 7-326 

TBPTR. 7-130. 7-179. 7-280 

TCN, 7-26 

TeR. 7-26 

TER. 7-26 

TFCR. 7-128. 7-278, 7-327 

TGCR. 7-24 

TMR. 7-25 

TODR, 7-124. 7-178. 7-205 

TRR. 7-26 
Released Write, 5-45 
Requesting I DMA Transfers, 7-42 
Reset, 4-68. 4-70. 6-27. 9-14 

BCS CALCULATION. 7-210, 7-224 

Exception 5-42 

Instruction. 5-37, 5-43, 5-76 

Power-On Reset, 9-3 

Signal, 5-43 

Status, 6-5 

Strategy. 9-35 

Value , 3-5 
RESETH . 2-11.4-69 
RESETS, 2-11.4-69 
RESTART TRANSMIT. 7-123. 7-151. 7-179. 7-210. 

7-233. 7-257. 7-286. 7-302 
RET_Lim. 7-254 
Retry Count. 7-269 
Retry Termination. 4-44 
Retry. 4-48 

Return Program Counter. 5-62, 5-67 
Returning from BDM, 5-68 
Reverse Data. 7-115. 7-216 
RFCR. 7-128. 7-278, 7-327 
RFTHR, 7-178 
RISC Controller. 7-3 

RISC Timer Initialization Sequence, 7-18 
RISC Timer Table Application. 7-20 



RISC Timer Tables. 7-14 

RM Bit. 5-53 

RMC.2- 10. 4-3. 4-31.4-58 

RQOUT, 6-27. 6-28. 6-49 

RR Bit. 5-53 

RRJCT. 7-251 

RS-232. 7-145 

RSR. 6-36 

RSREG, 5-76 

RSTRT. 7-249 

RTE. 5-18. 5-27. 5-53. 5-57-5-58 

Instruction. 5-57, 5-59 
RTER.7-18 
RTMR,7-18 
RTS, 7-69, 7-105. 7-117. 7-122. 7-133. 7-191. 7-225. 

7-230. 7-239, 7-240, 7-246, 7-272. 7-350, 7-355 
RW Bit, 5-54 
RXD, 7-105, 7-350 

— s — 

S-Records, 7-172 
S/T Transceiver, 7-93 
S/T. 7-99 

Sample One Byte. 7-249 
SAPR. 7-34 

Save and Restore Operations Timing Table. 5-1 12 
Saving Power, 7-144 
sec FIFOs, 7-4 

SCCE. 7-131. 7-167. 7-188. 7-222, 7-238. 7-270 
SCCM. 7-131. 7-170, 7-191. 7-223. 7-239. 7-271 
see, 7-105, 7-112. 7-132. 7-170, 7-191. 7-224, 
7-239. 7-271, 9-27 

Asynchronous Protocols, 7-137 

BISYNC Example. 7-225 

Block Diagram. 7-1 14 

Buffer Descriptors. 7-125 

Digital Phase-Locked Loop (DPLL), 7-138 

Disabling the SCCs. 7-142 

Dynamic Changes, 7-142 

Ethernet Example, 7-272 

FIFOs, 7-4 

Initialization, 7-132 

Interrupt Handling. 7-133 

Memory Structure. 7-126 

On-the-Fly Changes. 7-142 

Parameter RAM. 7-127 

Receiver Full Sequence, 7-143 

Receiver Shortcut Sequence, 7-144 

Saving Power. 7-144 

Switching Protocols, 7-144 

SyncCLK. 7-110 

Synchronous Protocols, 7-133 

Timing Control. 7-133 

Transmitter Full Sequence. 7-143 

Transmitter Shortcut Sequence. 7-143 

Transparent Example. 7-239 

UART Example. 7-170 

UART Rx BD Example, 7-163 
SCIT Programming. 7-101 
SCIT. 7-86. 7-99. 7-101, 7-274 
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SCP. 1-14. 7-96. 7-319 

SCSI, 9 -55 

SDACK, 7-251 

SOAR. 7-66 

SDCR. 7-64 

SDLC. 1-13. 7-173 

SOMA Channels. 6-33. 7-61 

Data Paths, 7-62 

Registers. 7-64 
SDSR, 7-66 

Send Break, 7-156. 7-287 
Sending A Preamble, 7-287, 7-156 
Sending Transparent Frames Between QUICCs, 7-231 
Serial Communication Controllers. 7-112 
Serial Interface Timing. 5-71 
Serial Interface. 5-67-5-68, 5-71 
Serial Management Controllers, 7-274 
Serial Peripheral Interface, 7-318 
SET GROUP ADDRESS, 7-258 
SET TIMER, 7-18 
SFC Bits, 4-39 
Shadow RAM, 7-81.7-89 
Short Frame Padding, 7-268 
Short Frame, 7-267 
Show Cycles, 4-67 
SI GCI Programming, 7-101 
SI GCI Support, 7-99 

SI RAM, 7-73 
SI (Serial Interface), 7-275 

BRG, 7-88 

CCITT 1.460. 7-100 

CLK, 7-88 

Clock Edge, 7-86 

Frame Sync Delay, 7-87 

GCI, 7-85, 7-86. 7-99 

GCIDCL, 7-99 

Grant Support, 7-88 

IDL Interface Example. 7-93 

IDL Interface Programming. 7-97 

IDL, 7-85, 7-92 

LICLKOx, 97-9 

LIGRx, 7-95 

LIRCLKx, 7-95. 7-99 

LIRQx. 7-85. 7-95 

LIRSYNCx. 7-86. 7-95. 7-99 

LIRXDx. 7-78, 7-95. 7-99 

L1STA1, 7-78 

L1STB1. 7-78 

LITXDx. 7-78. 7-95. 7-99 

Programming SI RAM Entries, 7-77 

S/T, 7-99 

SCIT Programming, 7-101 

SCIT, 7-86. 7-99.7-101 

SCP 7-96 

Shadow RAM, 7-81,7-89 

SI RAM Dynamic Changes, 7-80 

SI RAM Programming Example, 7-80 

SI RAM, 7-73 

SI Registers, 7-83 

SMC. 7-102 



SPI, 7-96 

Strobes, 7-78, 7-90 

TSA. 7-173 
SIA, 7-242 
SICMR, 7-89 
SICR. 7-88 
SIGMR. 7-83 
Signal Descriptions. 2-1 
Signaling System, 7-7 
Sig nals, 4 -69 

16BM, 2-7 

A, 6-49 

A27-A0, 2-1 

A31-A28, 2-1. 2-5 

ACK. 7-339 

Address Bus. 2-1 

AMUX. 2-8. 2-10. 6-49, 6-50 

AS, 2- 9, 2-14, 4-3, 6-32, 6-64, 7-44, 7-48, 7-63 

AVEC, 2 -9 

AVECO . 4-6, 4-44, 6-27, 26-8, 6-49 

BCLRI, 4-62, 6-27, 6-35 

BCLRIID , 6-27 

BCLRO , 2-10. 6-27. 6-33. 6-34. 7-47, 7-55, 7-63 

BERR. 2-11, 4-6, 4-21, 4-44, 7-56 

BG, 2-10 , 2-11, 4-53, 4-57, 6-28, 6-32, 6-34, 7-47 

BGAC K, 2-10, 4-53, 6-28, 6-32, 7-47 

BKPT. 2 -13, 4-34 

BKPTO, 6-28 

BR, 2-10, 2-11, 4-53, 4-56. 6-28. 6-32. 6-34. 7-47 

BRG. 7-105 

BRGO. 7-110, 7-355 

BUSY Signal. 7-342 

CASx, 2-8. 2-14. 6-49. 6-61 , 6-64, 6-69 

CD, 7-69, 7-105, 7-117, 7-122, 7-131, 7-132. 
7-133, 7-191. 7-204, 7-225, 7-230. 7-239. 
7-246, 7-272, 7-350 

CLK, 2-12, 2-14, 7-105 

CLK2, 7-107 

CLK6, 7-107 

CLKO Power Pins, 6-20 

CLKO, 2-11 

CONFIG, 2-10, 2-13, 2-14 

CONFIGO, 2-10 

C0NFIG1 , 2-10 

CONFIG1/BCLRO/RAS2DD, 6-50 

CONFIG2,2-13 

CS, 2-7, 2-11, 6-32, 6-49, 6-69 

CSO, 6-27, 9-5 

CTS. 7-69. 7-105. 7-117, 7-122, 7-123, 7-131, 
7-132, 7-133, 7-191, 7-194, 7-196, 7-204, 
7-225, 7-230, 7-239, 7-246, 7-272. 7-350 

D31-D 16. 2-6 

PACK, 7-32. 7-37, 7-43 

DONE, 7-32, 7:37, 7-56 

Double Drive RAS Lines, 6-65 

DREQ, 7-32, 7-37, 7-43 

DS, 2-9, 4-4, 6-32 

DSACK, 2-9, 4-22, 4-44, 6-64, 6-67, 6-69, 7-47 

DSCLK, 2-13 

DSI,2-12 
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DSO. 2-12 

EXTAL, 2-12 

FC, 2-6, 4-3 

FREEZE. 2-13, 6-32, 7-64 

GND,2-14 

GNDCLK, 6-21 

GNDS YN, 2-14, 6-20 

HALT , 2-11, 4-21, 4-44, 6-27, 7-48, 7-56, 7-63 

lACK, 2-8, 2-9 

IACK5, 4 -42 

IFETCH, 2-12 

Interface Signa ls, 7-37 

IOUT2-IOUT0, 6-28 

IPEND , 9-36 

IPIPE , 2-12, 2-14, 6-50 

IRQ1 , 6-49 

IRQx, 2-8, 6-27, 6-28, 7-372 

LICLKOx, 7-99 

LIGRx, 7-95 

LIRCLKx, 7-95, 7-99 

LIRQx, 7-85, 7-95 

LI RSYNCx, 7-86, 7-95 

LIRXDx, 7-78, 7-95, 7-99, 7-275 

LI STA, 17-78 

L1STB1, 7-78 

LITXDx , 7-78, 7-95, 7-99, 7-275 

MBARE, 6-26 

MODCK, 2-12 

MODCK1-MODCK0, 6-21 

NC, 2-11,2-14 

OE, 2-10, 4-5, 6-49, 6-50 

PLL Power Pins, 6-20 

PRTY, 2-7 

QUICC Functional Signal Groups, 2-2 

R/W,4-3 

RA, 2-11,6-67 

RAS, 2-7 , 6-32, 6-61, 6-64, 6-66, 6-67 

RAS1 DP, 2-7,2-12 

RAS2,2- 11 

RAS2DD, 2-10, 6-27, 6-50 

RCLK, 7-105 

RESET, 6 -27 

RESETH , 2-1 1 

RESETS, 2-11,4-69 

RMC, 2- 10, 4-3, 4-31, 4-58 

RQOUT, 6-27, 6-28, 6-49 

RRJCT, 7-251 

RSTRT, 7-249 

RTS, 7-69, 7-105, 7-117, 7-122, 7-133, 7-191, 

7-225, 7-230, 7-239, 7-240, 7-272, 7-246, 7- 

350, 7-355 
RXD, 7- 105, 7-350 
SDACK, 7-251 
SIZ, 2-9, 4-3, 4-8, 4-27 
SMCLK, 7-106, 7-275, 7-299 
SMRXD , 7-106. 7-275 
SMSYN, 7-275, 7-299 
SMTXD, 7-106, 7-275 
SPICLK. 7-320 
SPIMISO. 7-320, 7-321 



SPIMOSI, 7-320 
SPISEL. 7-331. 7-332. 7-334 
State Diagram. 4-59 
STB. 7-339 
STBI, 7-339 
STBO, 7-339 
Synchronous. 4-22 
TA. 6-64, 9-33 
TBI, 9-33 
TCK,2-13 
TCLK, 7-105 
TDI,2-13 
TDM, 7-350 
TDO, 2- 13 
TGATE, 7-22 
TIN, 7-22 
TMS. 2-13 
TOUT . 7-22 
TRIS. 2-13, 6-28 
TRST. 2-13 

TS, 6-28, 6-61, 6-64, 6-70, 9-33 
TXD, 7-105, 7-350 
VCC, 2-14 
VCCCLK, 6-21 
VCCSYN, 2-14, 6-20 
Wai t States, 4-28, 4-31 
WE, 2-5, 2- 10, 4-30, 6-49 
WE3-WE0, 2-5 
WordPort, 4-10, 4-15 
Write Cycle. 4-28 
XFC. 2-12. 6-20 
XTAL. 2-11.2-12 
SIM (System Integration Module) 
Breakpoint Logic. 6-21 
Bus Monitor. 6-5. 6-9 
Clock Generation. 6-13 
CSNT40. 6-75 
CSNTQ. 6-75 

Double Bus Fault Monitor. 6-5 
DRAM Controller Overview. 6-60 
External Bus Interface Control, 6-23 
Freeze Support, 6-12 

General-Purpose Chip-Select Overview, 6-57 
Interrupt Generation, 6-7 
Interrupt Structure, 6-8 
Low Power In Normal Operation, 6-13 
Low-Power Stop, 6-12 
MBAR. 6-1 

Memory Controller. 6-51 
Option Register, 6-76 
Periodic Interrupt Timer. 6-5. 6-1 1 
Programming Model. 6-65 
QUICC Internal Clock Signals, 6-17 
QUICC Memory Map. 6-4 
QUICC System Configuration. 6-56 
Reset Status. 6-5 
SIM40, 6-1 

SIM60, 1-6,4-21,6-1,6-13 
Simultaneous SIM60 Interrupt Sources, 6-9 
Slave (Disable CPU32+) Mode, 6-24 
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Software Watchdog Timer, 6-5 

Spurious Interrupt Monitor, 6-5, 6-9 

System Configuration and Protection, 6-4 

System Configuration, 6-7 

TRLXQ, 6-75 
SIMCLK, 6-19 
SIMODE, 7-84 

Simultaneous SIM60 Interrupt Sources, 6-9 
Single Address Mode, 7-52 
Single Address Transfer Example, 7-52 
Single Buffer, 7-38 
SIRP, 7-90 
SISTR, 7-89 
SIZ, 4-3, 4-8, 4-27 
Slave (Disable CPU32+) Mode, 6-24 
Slave Mode. 6-27, 7-322 

BR, 9-51 

Burst EPROM, 9-39 

Burst SRAM, 9-42 

Bus Arbitration, 4-59 

Bus Arbitration, 9-36 

Bus Clear, 6-27 

Bus Exceptions, 4-63 

Cache Modes on the MC68EC040, 9-53 

Disable CPU32+, 6-24 

DRAM Devices, 9-47 

DRAM SIMM, 9-47 

EEPROM, 9-46 

EPROM, 9-39 

Flash EPROM, 9-42 

Global Chip Select, 6-27 

GMR, 9-50 

Interfacing Multiple QUICCs to an MC68EC040, 
9-52 

Interrupts, 6-27, 9-35 

MC68EC040 to QUICC Interface, 9-33 

Memory Interfaces, 9-38 

OR, 9-51 

PEPAR, 9-50 

Pin Differences, 6-28 

Reset Strategy, 9-35 

Software Configuration, 9-49 

SRAM, 9-42 
Slave, 7-320 
SMC, 7-102, 7-106, 7-282, 7-297, 7-311 

Block Diagram, 7-275 

Buffer Descriptors, 7-276 

C/l Channel Receive Buffer Descriptor, 7-316 

C/l Channel Transmit Buffer, 7-317 

C/l Channel, 7-313 

Character Length, 7-288, 7-303 

Commands in GCI Mode, 7-313 

Disabling the SMCs on the Fly, 7-280 

ENTER HUNT MODE, 7-301 

GCI Controller, 7-311 

GCI Mode Register, 7-31 3 

GCI, 7-274 

IDL, 7-274 

Interrupt Handling, 7-297, 7-310 

IOM-2, 7-274 



L1RXD, 7-275 

L1TXD, 7-275 

MAX_IDL, 7-284 

Memory Structure, 7-276 

Monitor Channel Reception, 7-312 

Monitor Channel Transmission, 7-312 

Monitor Channel, 7-314 

NMSI, 7-275 

Parameter RAM, 7-277 

Receiver Shortcut, 7-282 

Receiver, 7-281 

SCIT, 7-274 

SI, 7-275 

SMCLK, 7-275, 7-299 

SMCM, 7-318 

SMRXD , 7-275 

SMSYN, 7-275, 7-299 

SMTXD, 7-275 

Switching Protocols, 7-282 

Synchronization with the SMSYNx Pin, 7-300 

Synchronization with the TSA, 7-301 

T1, 7-274 

TDM. 7-274 

Transmitter Shortcut, 7-281 

Transmitter, 7-281 

Transparent Command Set, 7-302 

Transparent Controller, 7-297 

Transparent Error-Handling Procedure, 7-303 

Transparent Mode Register, 7-303 

Transparent NMSI Example, 7-308 

Transparent Protocol, 7-274 

Transparent Receive Buffer Descriptor, 7-304 

Transparent Reception Processing, 7-299 

Transparent Transmission, 7-298 

Transparent Transmit Buffer Descriptor, 7-306 

Transparent Transmitter, 7-298 

Transparent TSA Example, 7-309 

UART Command Set, 7-286 

UART Error-Handling Procedure, 7-287 

UART Example, 7-296 

UART Memory Map, 7-283 

UART Mode Register, 7-288 

UART Programming Model, 7-285 

UART Receive Buffer Descriptor, 7-289 

UART Reception, 7-285 

UART Rx BD Example, 7-292 

UART Transmit Buffer Descriptor, 7-293 

UART Transmitter, 7-284 

UART, 7-274, 7-282, 7-295 
SMCE, 7-294, 7-317 
SMCLK, 7-106, 7-275, 7-299 
SMCM, 7-295, 7-318 
SMCMR, 7-276, 7-288, 7-303, 7-313 
SMRXD , 7-106, 7-275 
SMSYN, 7-275, 7-299 
SMTXD. 7-106. 7-275 
Snooping, 9-37 
Software 

Breakpoints, 5-46 

Compatibility, 1-8 
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Configuration, 9-10, 9-49 

Test-Drive, 9-13 

Watchdog Timer, 6-5, 6-10 
SPCOIVI, 7-321.7-325 

Special-Purpose MOVE Instruction Table, 5-102 
Special Status Word, 5-45, 5-52 
SRI, 1-14, 7-93, 7-96, 7-318, 7-329 

Clocking and Pin Functions, 7-320 

Interrupt Handling, 7-337 

Master Mode, 7-321 

Multi-Master Operation, 7-322 

Programming Model, 7-322 

Slave Mode, 7-322 

Slave, 7-320 

SPI Baud Rate Generator, 7-320 

SPI Block Diagram, 7-319 

SPI Buffer Descriptor Ring, 7-330 

SPI FIFO, 7-4 

SPI Master Example, 7-335 

SPI Mode Register, 7-322 

SPI Parameter RAM Memory Map, 7-326 

SPI Receive Buffer Descriptor, 7-330 

SPI Slave Example, 7-336 

SPI Transmit Buffer Descriptor, 7-332 

SPICLK, 7-320 

SPIMOSI, 7-320 

SPIMISO, 7-320, 7-321 

SPISEL, 7-331 , 7-332, 7-334 

Start Transmit, 7-325 

Transfer Format, 7-325 

Transmit/Receive, 7-321 
SPIE, 7-334 
SPIM, 7-335 

SPISEL, 7-331, 7-332, 7-334 
SPISPIMISO, 7-320 
SPMODE, 7-322 
Spread, 7-372 

Spurious Interrupt Monitor, 6-5, 6-9 
Spurious Interrupt, 4-43 
SRAM, 9-6, 9-42 

Banks, 6-57 

Port Size, 6-77 
SS, 7-7 

Stack Frames, 5-59 
Stack Pointer, 5-61 , 5-78, 9-13 
Start Transmit, 7-325 
State Diagram, 4-59 
Status Register, 5-60, 5-62-5-63 
STB, 7-339 
STBI, 7-339 
STBO 7-339 
STOp'tRANSMIT, 7-123, 7-150, 7-178, 7-209, 7-232, 

7-256, 7-286, 7-302 
Stopped Processing State, 5-36 
Strategy, 9-35 
Strobes, 7-78, 7-90 
Sum Check, 7-215 
Supervisor Data Space, 6-34 
Supervisor Mode, 9-14 
Switching Protocols, 7-144, 7-282 



SWIV, 6-37 

SWSR, 6-40 

SYNC, 6-69, 6-70 

Sync, 7-118 

SyncCLK, 6-19, 7-72, 7-110 

Synchronization with the SMSYNx Pin, 7-300 

Synchronization with the TSA, 7-301 

Synchronous , 4-22 

Mode, 7-147 

Synchronous Protocols, 7-133 

Synchronous UART, 7-161 
SYPCR, 6-37 
System 

Configuration and Protection, 6-4 

Configuration, 6-7 

Control Instructions, 5-26 

Integration Module, 1-6, 6-1 

Protection, 9-15 

T1 Line, 1-17, 7-120, 7-274 

T1.605, 7-194 

TA, 6-64, 6-67, 9-33 

TADDR, 7-256 

Tag Byte, 7-251,7-264 

TBASE, 7-128, 7-278, 7-326 

TBI 9-33 

TBPTR, 7-130, 7-179, 7-280, 7-329 

TCK, 2-13 

TCLK, 7-105 

TON, 7-26 

TCP/IP, 7-241 

TCR, 7-26 

TDI,2-13 

TDM Channels, 7-173 

TDM Interface, 1-17 

TDM, 7-274, 7-350 

TDO,2-13 

TER, 7-26 

TFCR, 7 -128, 7-278, 7-327 

TGATE, 7-22 

TGCR, 7-24 

Time-Slot, 1-17 

TIMEOUT, 7-313 

Timers, 7-20, 9-26 

Block Diagram, 7-21 

Cascaded Mode, 7-23 

Deriving SWT Timeout, 6-38 

Examples, 7-27 

General-Purpose Timer, 7-20 

RISC Timer Tables, 7-14 

TM_BASE, 7-16 

Wake-Up Timer, 7-154 
TIN, 7-22 
TM_BASE, 7-16 
TMR, 7-25 
TMS,2-13 

TODR, 7-124, 7-178, 7-205 
Totally Transparent, 7-226 
TOUT, 7-22 
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TP Bit, 5-52 

TR Bit. 5-53, 5-55-5-56 

Trace, 5-39, 5-42 

Exception, 5-42. 5-46, 5-49, 5-50, 5-53, 5-55, 
5-60 

Instruction Execution, 5-63 

Mode, 5-8 
Transfer Format. 7-325 
Transition to BDI\/I, 5-66 
Transmission Line Configuration, 7-198 
TRANSMIT ABORT REQUEST Command. 7-313 
Transmit on Demand, 7-125 
Transmit/Receive Process, 7-321 
Transmitter Shortcut, 7-281 
Transmitter, 7-281 
Transmitting and Receiving, 7-214 
Transparent, 7-118, 7-119 

4-bit SYNC, 7-229 

Achieving Synchronization in Transparent Mode, 
7-229 

Channel Frame Reception Processing, 7-228 

Channel Frame Transmission Processing, 7-227 

Command Set, 7-232, 7-302 

Controller, 7-226, 7-297 

CRC, 7-115 

Error-Handling Procedure, 7-233, 7-303 

External Synchronization Signals, 7-230 

In-Line Synchronization Pattern, 7-229 

Memory Map, 7-231 

Mode Register, 7-234 

NMSI Example, 7-308 

PIP, 7-344 

Promiscuous, 7-226 

Protocol, 7-274 

Receive Buffer Descriptor, 7-234 

Reception Processing, 7-299 

sec Transparent Example, 7-239 

Sending Transparent Frames Between QUICCs, 
7-231 

SMC, 7-297 

Totally Transparent, 7-226 

Transmit Buffer Descriptor, 7-236 

TSA Example, 7-309 
TRAP Instruction, 5-42 
TRIS, 2-13, 6-28 
TRLXQ, 6-75 
TRR, 7-26 
TRST,2-13 

TS, 6-28, 6-61, 6-64, 6-70, 9-33 
TSA 7-173 

Using the TSA, 7-200 

Transmission Line Configuration, 7-200 
TXD, 7-105, 7-350 

— u — 

UART, 7-108, 7-117. 7-121. 7-274, 7-282 
Address Recognition, 7-152 
Auto Baud, 7-169 
Break Support, 7-155 
Break, 7-169 



Character Format, 7-145 

Command Set, 7-150, 7-286 

Control Characters, 7-153 

Controller, 7-144 

Encoding/Decoding, 7-141 

Error-Handling Procedure, 7-287 

Error-Handling, 7-158 

Example, 7-296 

Fractional Stop Bits, 7-156 

Idle Status, 7-170 

Interrupt Events Example, 7-168 

Key Features, 7-146 

LAN, 1-13 

MAXJDL, 7-148 

Memory Map, 7-148 

Mode Register, 7-159 

Multidrop Mode, 7-152 

Multidrop Operation, 7-153 

Normal Asynchronous Mode, 7-147 

Parity Enable, 7-162 

Programming Model, 7-150. 7-285 

Receive Buffer Descriptor. 7-1 62 

Reception. 7-285 

Rx BD Example, 7-292 

sec UART Example, 7-170 

sec UART Rx BD Example, 7-163 

Send Break, 7-156 

Sending a Preamble, 7-1 56 

SMC, 7-282 

Synchronous Mode, 7-147 

Synchronous UART, 7-161 

Transmission, 7-284 

Transmit Buffer Descriptor, 7-166 

XOFF, 7-155, 7-172 

XON, 7-155, 7-172 
Unimplemented Instructions, 5-1 1 , 5-47, 5-63 
UNLK, 5-10, 5-18, 5-35 
User Privilege Level, 5-8, 5-37 
Using the TSA, 7-200 

__ V — 

V.14, 7-161 

V.I 20, 7-93 

VBR, 9-14 

VCC, 2-14 

VCCCLK, 6-21 

VCCSYN, 2-14. 6-20 

Vector 

Base Address, 7-372 

Base Register, 5-5, 5-12, 5-39, 5-46, 5-78 

Software Watchdog Timer, 6-10 

— W — 

Wait States, 4-28, 4-31, 6-58, 6-68 
Wake-Up Timer, 7-1 54 
Watchdog Timer, 9-27 
WE, 2-5,2- 10, 4-30, 6-49 
WE3-WE0, 2-5 
WordPort, 4-10, 4-15 




MOTOROLA 



MC68360 USER'S MANUAL 



lndex-15 



Write 

A/D Register, 5-76-5-77 
Cycle, 4-28 

Memory Location, 5-79 
Pending Buffer, 5-90 
Protect, 6-58 
Protection, 6-73 
System Register, 5-78 
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X.21, 7-118 
XFC, 2-12, 6-20 
XOFF, 7-155, 7-172 
XON, 7-155, 7-172 
XTAL, 2-11,2-12 



4-Bit S YNC, 7-229 
16BiVI,2-7 
53C90, 9-55 




lndex-16 MC68360 USER'S MANUAL MOTOROLA 



Introduction 

Signal Descriptions 

l\/lemory Map 

Bus Operation 

CPU32+ 

System Integration IVIodule (SIM60) 

Communication Processor IVIodule (CPM) 

IEEE 1149.1 Test Access Port 

Applications 

Electrical Characteristics 
Ordering Information and Mechanical Data 

Serial Performance 

Development Tools and Support 

RISC Microcode from RAM 

Index 

























Introduction 
Signal Descriptions 
IVIemory Map 
Bus Operation 
CPU32+ 

System Integration Module (SIM60) 
Communication Processor Module (CPM) 
IEEE 1149.1 Test Access Port 
Applications 
!■ Electrical Characteristics 

Ordering Information and Mechianical Data 

Serial Performance 
Development Tools and Support 
RISC Microcode from RAM 
Index 











1ATX31 285-1 Printed in USA 9/94 BANTACO. MOTO30 4,000 MPU YGABAA 



® 



MOTOROLA 



Literature Distribution Centers: 

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England. 
JAPAN: Nippon Motorola Ltd.. 4-32-1. Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. 

ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, 
Tai Po, N.T., Hong Kong. 

MC68360UM/AD 



